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US Environmental Protection Agency  
Attn: Portland Harbor Comments  
805 SW Broadway, Ste. 500 
Portland OR 97205 
 
Re: Portland Harbor Superfund Explanation of Significant Differences 
 
December 21, 2018 



 
To Whom It May Concern, 
 
The Record of Decision (ROD) for Portland Harbor Superfund was an effort 17 years in the 
making, issued in January 2017 with engagement from community stakeholders, Tribes, and 
Potentially Responsible Parties (PRPs). The recent Explanation of Significant Differences (ESD) 
proposes to reduce the area of active mitigation and monitoring for the Portland Harbor 
superfund site by about 17 acres at the request of only some PRPs. We are concerned that the 
proposed departure from the ROD is correlated with political changes to the federal 
administration and EPA leadership.  
 
Portland Harbor Community Coalition (PHCC) leadership, its members, and many more, oppose 
the ESD because it will unnecessarily expose the community, especially workers employed at 
the Gasco and Terminal 4 sites and tribal fishers, to extreme health risks for a much longer 
period of time. ​PHCC represents the most disproportionately impacted groups in the Portland 
Harbor cleanup process, including Native Americans, African-Americans/Blacks, immigrants and 
refugees, people who are experiencing houselessness, and area residents.  
 
Our reasons for opposing the ESD are listed below: 
 
EPA SHOULD NOT BE WEAKENING A ROD THAT WAS NOT PROTECTIVE ENOUGH 
We appreciated that EPA responded to the Portland Harbor communities to the proposed 
cleanup plan by increasing the cleanup level.  EPA’s initial preferred alternative was grossly 
inadequate. Even though the ROD was an improvement, it still will leave the fish unsafe to eat 
and some beaches unsafe to use for an indefinite period of time. EPA planned to rely on fish 
advisories that would shift the burden to people to avoid eating the fish and let the polluters 
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invest less in the cleanup.  The ROD was based on significantly less cleanup than we had 
hoped to see in order to finally honor the regional Tribes’ Treaties and to remove the fish 
advisories.  
 
We are shocked and disappointed by EPA’s proposal in the ESD to weaken cleanup standards 
and shrink the scope of the cleanup. EPA should not give into pressure from PRPs to weaken 
the cleanup based on a risk assessment of only one contaminant Benzo(a)Pyrene (BaP), when 
the toxicity of other polycyclic aromatic hydrocarbons (PAHs), mixtures, and colocated 
contaminants are not fully understood. Impacted communities do not want to hear that a site 
with complex mixtures of toxins will be cleaned up less because of an apparent change in 
toxicity level of this one toxin. EPA should not finalize the ESD without a probing and open 
examination of the impact longer exposure to hazardous contamination would have on the 
community.  
 
IT IS TIME FOR A TRANSPARENT AND INCLUSIVE PROCESS FOR THE PORTLAND 
HARBOR CLEANUP 
The ESD resulted from the special access and influence that the PRPs exercised over EPA. 
NO directive came from EPA headquarters to all Superfund sites with BaP to make this type of 
change around the country. This is a unique action that EPA is taking, based on pressure from 
PRPs.  Had the situation been reversed with advocacy from Tribes or communities impacted by 
the pollution, we doubt EPA would take the same expedited action.  Hudson River Superfund 
community stakeholders have been ignored by EPA when they made a request to expedite a 
change in the ROD based on new data indicating the contamination was more serious than 
previously thought.  They were neither granted an ESD nor a ROD amendment.  
 
We lack the money and political access to EPA headquarters that PRPs have utilized to bring 
about this expedited change and to weaken the baseline sampling at this site. It is incumbent 
upon EPA to take steps to rectify this power imbalance and ensure this cleanup proceeds in a 
fair and balanced manner that is protective of health and the environment.  
 
The Portland Harbor community stakeholders insist on greater transparency and inclusion. It is 
time for the secret negotiations over Portland Harbor cleanup and related matters to stop. All 
future meetings with EPA, DEQ, and other agencies with governmental authority should be 
accessible to the public. While allocation of financial responsibility among the PRPs may occur 
behind closed doors, the future cleanup of the Willamette River should be debated in the open 
and not through private conversations with entities who have the resources and connections to 
gain access to decision-makers. EPA, along with the City of Portland, Port of Portland, Metro, 
and State of Oregon should insist on openness, and should not participate in, or remain silent 
about the behind-the-scenes influence-peddling that has been carrying the day. 
 
Given the complexity of this site, and the lengthy period of time over which key decisions will be 
made and actions will be taken, it is time to fundamentally re-design the process to become a 
more participatory approach for implementation. This is critical not only because of the scale of 
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the effort, but also because upcoming decisions will be fraught with broad implications for 
ecological, economic, community development, cultural, social and environmental justice. 
These important issues warrant careful consideration and full public partnership in the years 
ahead. PHCC believes that it is past time to work on the design of a new model for community 
participation or the long-term results will likely be very disappointing and lack legitimacy. 
 
THE FULL HEALTH AND ENVIRONMENTAL EFFECTS OF THE PROPOSED WEAKENING 
OF THE CLEANUP HAVE NOT BEEN FULLY EXPLORED 
In its haste to make changes to the ROD pressed by the PRPs, EPA is proposing to weaken the 
cleanup without fully investigating and understanding the implications for health, the 
environment, and the impacted communities. EPA should keep the cleanup on track and avoid 
weakening the cleanup and exposing people to risks for longer periods of time than would occur 
under the ROD. Among the unexplored issues are: 
 



1. A Single Study on One Contaminant is an Insufficient Basis to Increase Exposures 
to Other Chemicals in the Class. 
EPA has assumed that exposures to 6 cancer-causing Polycyclic Aromatic 
Hydrocarbons can be increased based on a study of a single chemical in this class - 
benzo(a)-pyrene. The research EPA is using has toxicity values based off of science 
from the 1960s. There has been more research since then, including from 2010. This is 
unacceptable. Mixtures of PAHs may be more toxic than a single PAH. Scientific studies 
call this assumption into question. Oregon State University’s research results from the 
Portland Harbor Superfund site reveal concerning findings that EPA’s method 
underestimates cancer potency for the 6 other PAHs present at the site. Is BaP really the 
best, most appropriate standard to comparing other PAHs?  EPA region 10 and 
headquarters must look at the most current research of PAHs affecting human health.  
 



2. EPA Must Ensure People Are Protected from Mixtures, Other Co-located 
Contaminants, and Effects other than Cancer. 
EPA has insufficiently accounted for the cumulative impacts of exposures to PAH 
mixtures Portland Harbor communities are known to typically be exposed to from the 
Superfund site and in the broader environment. What are the additive impacts of 
exposures to multiple hazardous contaminants specific to the site? Portland Harbor is a 
complex site that involves far more than exposure to one contaminant, in an area known 
to have the some of the worst air quality in the nation, surrounded by several hazardous 
facilities, some of which require ongoing mitigation and monitoring. Weakening the 
cleanup based on studies of a single chemical is unwarranted until these complex effects 
have been examined. EPA also needs to make sure that non-cancer impacts or 
exposures to other contaminants of concern like other PAHs, p​olychlorinated biphenyls 
(PCBs​), dioxins and furans, and pesticides (DDT and its products DDD and DDE) will be 
minimized to the maximum extent possible.  
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3. EPA Has Not Addressed the Critiques of the Scientific Methodologies Underlying 
the PRP’s Lobbying for Weaker Remedial Action Levels. 
NW Natural deviated from EPA’s methodology and offered its own novel approach in 
arguing that the remedial action levels for the nearshore area and navigation channel 
should be weakened. NW Natural used two approaches: (1) a proportional adjustment 
approach; and (2) a risk reduction approach. The tribes objected to NW Natural’s 
approach based on scientific critique, but EPA accepted NW Natural’s approach without 
responding to the critique. 
 



4. EPA Must Ensure the Environment is Protected. 
The new study pertains to health effects.  EPA must also ensure that cleanup standards 
are adequate to protect the environment. The toxicity of BAP and other PAHs to 
ecological endpoints is unaffected by any change to carcinogenicity in humans 
expressed in the new IRIS report. The numerous animals that are already affected and 
will be affected by PAHs will be less protected by the proposed change to the ROD. The 
ESD really must account for the greater risk proposed for ecological endpoints, including 
fish, birds, benthic invertebrates and other animals by increasing the removal of PAHs 
elsewhere, or maintaining the removal footprint in order to protect non-human endpoints. 
There has yet to be enough shallow water habitat planned for the areas outlined in the 
ESD to come close to healthy environmental standards, critical for fish and other 
species. Did EPA take into account the City of Portland studies on this same subject that 
were completed as part of the NRDA process?  
 



5. EPA Must Ensure the Cleanup of Gasco, Terminal 4, and Beaches Proceed 
Expeditiously and Will Be Protective of Public Health and the Environment.  
There are known, multiple, co-occurring contaminants at the Gasco site and Terminal 4. 
EPA has not adequately examined the combination of PAHs and other contaminants at 
these specific hot spots as well as beaches with known public access. It has weakened 
the triggers for dredging across the Superfund site in a way that will reduce the amount 
of dredging that will occur at Gasco and Terminal 4. Since dredging is the only effective 
and permanent long-term treatment in the ROD, EPA is endorsing an approach that will 
lengthen the time the fish will be unsafe to eat and rely on fish advisories, which are 
notoriously ineffective, to prevent people from being at risk of unacceptable health 
effects. EPA should not delay or weaken the cleanup of these sites. 
 



6. EPA Has Not Accounted for Recontamination. 
PHCC is concerned about the potential for recontamination with the weakening of the 
cleanup standards. It is premature to weaken the ROD when the EPA has yet to 
sequence and coordinate the cleanups to prevent such risks, particularly when the 
proposed changes have not adequately factored in climate change or disasters, 
including anticipated major earthquake, flood, and drought scenarios and how they will 
impact recontamination. The City of Portland - Water Bureau, is proposing to move its 
water pipes deeper below the Willamette River in anticipation of liquefaction. An article 
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about the City’s plans can be found here: 
https://katu.com/news/local/water-bureau-to-build-new-pipe-deep-below-willamette-curre
nt-pipes-could-fail-in-quake​. EPA must also consider whether the ESD and final 
cleanups at specific sites in the Portland Harbor Superfund will recontaminate if this 
disaster takes place.  



 
WEAKENING THE ROD WILL PERPETUATE ENVIRONMENTAL INJUSTICES 
The disproportionate impacts by race and class of this ESD likely violate Title VI and the 
essence of Executive Order 12898, the 1996 federal action to address unfair and 
disproportionate impacts of federal actions on communities of color and low-income 
populations. A variety of disenfranchised communities have suffered and continue to suffer 
disproportionate health risks because of the ongoing delays, lack of transparency, and threats to 
weaken the Portland Harbor cleanup. Multnomah County recently hosted a fish advisory 
workshop where over 20 Vietnamese immigrants attended and many of whom confirmed that 
they consume fish from the lower Willamette River. Our coalition plans to continue to engage 
these people in the cleanup process. PHCC and partners continue to collect stories of 
individuals from Black, Native American, Immigrant and Refugee, and Houseless/Homeless 
communities, and other area residents whose health has been disproportionately impacted by 
the pollution in the Portland Harbor over several generations.  
 
One of our Steering Committee Members, Ms. Wilma Alcock, feels it important to convey her 
family’s story. Her father lost his life prematurely to lung cancer after having worked in the 
Kaiser shipyards having been exposed to contaminants he was not told at the time were 
carcinogenic. She and her family grew up catching and consuming resident fish along the banks 
of the Portland Harbor, unknowingly being exposed to PCBs over many years. She and her 
children have since been displaced to neighborhoods further away from the river and have lost 
their connection to the river after having discovered the toxic nature of the Willamette later in 
life.  
 
Roy Pascoe grew up near the Puget Sound. After losing his job and struggling to find a new 
one, he ended up houseless along the Portland Harbor. He consumed fish both from the Puget 
Sound and the Portland Harbor. After learning about the Superfund, he became one of PHCC’s 
most passionate members, working hard to get the word out to other houseless people along 
the river.  Roy passed away from a hard fight with lung cancer in 2016, but his spirit lives on 
amongst PHCC members.  
 
Purépecha​ people, indigenous to San Jerónimo Purenchécuaro, Michoacán, Mexico have also 
been exposed to Portland Harbor contaminants. During the warmers seasons, some stock their 
freezers with resident, bottom feeder fish, caught from around the region, including Portland 
Harbor. Many live close to 40 miles south of Portland Harbor, in Tualatin, Hubbard or 
Woodburn. Before PHCC told them about the fish advisory, they had no idea that there was any 
health concern.  
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Dishaun from Get Hooked Foundation frequently encounters the same two men of Eastern 
European descent fishing for carp at Swan Island. Also, when PHCC facilitated a workshop for 
Eastern European youth a few years ago, when asked who has fished or whose family has 
fished in the lower Willamette, more than half of the youth raised their hands.  
 
Ms. Wilma, Roy, the Vietnamese, the ​Purépecha, and the Eastern European fisher people​ and 
all area residents deserve more bold actions from all parties involved with the Portland Harbor, 
the likes of which are not reflected in the proposed ESD.  
 
EPA's EJ 2020 Action Agenda states that "The U.S. Environmental Protection Agency’s mission 
is to protect the environment and the health of all people in every corner of our nation. But far 
too often minority and low-income communities and indigenous peoples are most vulnerable to 
environmental and public-health challenges." In this message, then Administrator Gina 
McCarthy committed to "promote the integration of environmental justice across our nation’s 
larger environmental enterprise." PHCC is giving you an opportunity to turn EPA's EJ stated 
commitment into action to protect the region’s most vulnerable families. Lowering the cleanup 
standard based on a single pollutant like BaP does not reflect a commitment to environmental 
justice. EPA must slow down and ensure that it fully explores and understands the impacts the 
proposed weakening of the cleanup could have on communities of color and low-income 
populations before committing to the proposed ESD.  
 
PRPS SHOULD BE RESPONSIBLE TO IMPACTED COMMUNITIES 
Public and quasi-public agencies including the Port of Portland, NW Natural, City of Portland, 
State of Oregon and Metro, need to be more responsive to the needs of the local community, 
especially those disadvantaged by past and ongoing contamination and who could well be a 
major part of the cleanup and related work, learning new skills and helping keep the benefits of 
the cleanup on the ground in the Portland area. The Port has stated in the past to legislators 
that they have the funds needed to thoroughly address their liability. It is unfair for public 
agencies to pass the burden onto ratepayers or to use this as an excuse to need to reduce 
liability. NW Natural and the Port of Portland have made profits from economic development of 
the river, and will continue to do so into the long-term future. The real question is, what kind of 
river will remain?  
 
CONCLUSION 
Weakening the cleanup standards by lowering the Remedial Action Levels and reducing the 
amount of dredging that will occur would leave more contamination at the site for an even longer 
amount of time. Every time we increase the level of allowable toxic contamination, highly 
polluted areas are less likely to be cleaned up. EPA was already planning to remove only about 
13% of the worst contaminated areas in Portland Harbor. Instead of active remediation, EPA 
was already relying heavily on natural recovery, fish advisories, and the band-aid approach of 
institutional controls, that would continue to expose future generations of already impacted 
communities.  
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The Record of Decision should not be lightly cast away. Any changes to the ROD should be 
based on a holistic examination and balancing of the complexities at the site and the impacts on 
the communities, not solely lobbying from the PRPs. ​The decisions to be made now and yet to 
be made in the future will change the Willamette and the face of Portland. And, for that reason, 
they should not be driven principally by the financial desires of the same folks who, in the 
course of doing well economically on the river, contributed to its degradation. ​After 17 years of 
waiting, the community is eager to begin a thorough cleanup.  
  
The Portland Harbor Community Coalition and our Partners who signed below demand that 
EPA reject the ESD and proceed with implementation of the cleanup. 
 
 
Sincerely, 
 
Cassie L. Cohen, Coalition Coordinator 
Portland Harbor Community Coalition 
 
Alejandra P. Ruiz, Community Organizer  
Portland Harbor Community Coalition  
 
Ibrahim Mubarak, Community Organizer  
Portland Harbor Community Coalition & Executive Director - Right 2 Survive  
 
Donovan Smith, Media Coordinator  
Portland Harbor Community Coalition  
 
Art Mcconville, ​Nimiipuu/Nez Perce/Cayuse 
Portland Harbor Community Coalition Steering Committee Member 
 
Vadim Riskin, Board Member 
East European Coalition &  
Portland Harbor Community Coalition Steering Committee Member 
 
Wilma Alcock, Community Activist &  
Portland Harbor Community Coalition Steering Committee Member 
 
Hadi Mohammed, Member - Iraqi Society of Oregon &  
Portland Harbor Community Coalition Steering Committee Member  
 
Jessica Rojas, ​Community & Environmental Engagement Manager - NECN & 
Portland Harbor Community Coalition Steering Committee Member  
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Renea Menchaca, Community Relations 
American Indian Movement - Portland Oregon Chapter  
 
Dishaun Berry, Founder 
Get Hooked, Inc. 
 
Baher Butti, Executive Director  
Iraqi Society of Oregon 
 
Lisa Fay, Board Member  
Right 2 Survive 
 
Tammie Travis, Member  
NAACP  
 
Rose Highbear, Senior Consultant  
Wisdom of the Elders, Inc. 
 
Michael Pouncil, Steering Committee Member  
Portland Harbor Community Advisory Group 
 
Doug Larson 
Cathedral Park Neighborhood representative 
Portland Harbor Community Advocacy Group, board member 
 
Amyl Freeberg, Executive Director 
Willamette River Advocacy Group 
 
Bob Sallinger, Conservation Director  
Audubon Society of Portland 
 
Travis Williams 
Riverkeeper & Executive Director 
Willamette Riverkeeper 
 
Marj Hogan, Member 
Occupy St John’s  
 
Shawn Looney, Chair 
Linnton Neighborhood Association 
 
Lindsay Jensen, Executive Director 
St. Johns Center for Economic Opportunity 
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Rose Looking, Assinaboine/Sioux Tribe-President 
Northwest Council of Water Protectors 
 
Kelly Campbell, Executive Director 
Damon Motz-Storey, Clean Energy Organizer 
Oregon Physicians for Social Responsibility 
 
Teressa Raiford, Executive Director  
Don’t Shoot PDX 
Faye Burch-Founder and Irene Appel-Project Manager 
Professional Business Development Group 
 
Anais Tuepker, ​Volunteer Organizational Resilience Lead​ & 
Anissa Pemberton, ​Just-Based Transition & Equity Organizer 
350PDX 
 
Diana Richardson 
Racial Justice Team - Portland Raging Grannies 
 
Milarepa Pafranzoni, Member 
Village Coalition 
 
Mark McLeod 
StoppedFrackedGasPDX 
 
Piper Wyrick 
Portland Youth Climate Council  
 
James Holt, Nimiipuu- Executive Director, Confluence Environmental Center & Former Nez 
Perce Tribal Council Member 
 
Kayse Jama, Executive Director 
Unite Oregon 
 
Lauren Goldberg 
Legal & Program Director 
Columbia Riverkeeper 
 
Barbara Quinn, Chair 
Friends of Baltimore Woods & Portland Harbor Community Advisory Group Member 
 
Steve Goldstein, member 
Sierra Club - Oregon & Portland Harbor Community Coalition  
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Rahul Devaskar, Engagement Program Manager 
Columbia Land Trust  
 
Khanh Pham, Manager of Immigrant Organizing 
Asian Pacific American Network of Oregon 
 
Michael Burch & Maurice Rahming, Co-Chairs 
Metropolitan Alliance for Workforce Equity  
 
Healthy Communities Coalition  
 
Joy Alise, Executive Director  
Portland African American Leadership Forum & 
Design & Culture Lab 
 
Britton Washington, Director 
Equity in Action & Woodlawn MIC 
 
Scott Sutton, Owner & Founder 
Loculi Design LLC 
 
Pat Lando, Executive Director 
Recode 
 
Brian Setzler President 
Cascadia Chapter - Pacific Green Party & Downtown Portland 
 
Pat Daniels, Executive Director 
Constructing Hope 
 
Tony DeFalco, Executive Director  
Verde 
 
Maurice Rahming, President 
Oneill Electric Inc - O'Neill Construction Group 
 
Coordinating Committee  
Portland-Metro People’s Coalition 
 
Will Layng, Executive Director 
Portland Jobs With Justice 
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Derron Coles, Executive Director  
Blueprint Foundation 
 
Richard C. Cohen, MD  
Department of Pediatrics, Kaiser Permanente, NW Region 
 
Michael A. Burch 
Community Relations & Outreach 
Pacific Northwest Regional Council of Carpenters 
 
James Rasmussen, Coordinator/Director 
Duwamish River Cleanup Coalition/TAG 
 
Lauren Chandler, Owner 
Lauren Chandler Cooks 
 
Tracy Wilkie, Activist 
Turtle Mountain Reservation 
 
Sara Rose Barger 



Isaka Shamsud-Din 



Erin Goodling 



Rahsaan Muhammad 



Don Robinson 



Barb Specker 



Olivia Buscho 



Galen Cohen 



Janie Cohen 



James Ofsink 



Camilo Marquez 



Johanna Brenner 



Rachel Hanes 



Leah Gibbs 



Alice Shapira 



John Murphy 



Mike Gardner 



Ethan Scarl 



11 











Joanie Barnard 



Jordan Griffin-Henderson 



Reilly Newman 



Fred Joe 



Harriet Cooke 



Olivia Alsept Ellis 



Mariah Alyn-Claire 



Kathleen Guillozet 



Robert Hoshaw 



Ronald Haynes 



Daniel H. Sandoval 



Chelsea Rae 



Rodolfo Valentin  



Melissa Brown  



Karen Wells 



Michelle DePass 
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December 21, 2018 



 
 
 
U.S. Environmental Protection Agency 
805 SW Broadway, Suite 500 
Portland, OR 97205 
 
Submitted by email to: HarborComments@epa.gov 
 



Re: Comments on Proposed Explanation of Significant Differences for the Portland 
Harbor Superfund Site 



 
Dear Sirs and Madams: 
 
 These comments on the EPA’s Explanation of Significant Differences for the Portland 
Harbor Superfund Site are submitted on behalf of Portland Harbor Cleanup Coalition, 
Willamette Riverkeeper, Audubon Society of Portland, Portland Harbor Community Advisory 
Group, and Earthjustice.  We object to EPA’s proposal to substantially weaken the cleanup 
remedy at Portland Harbor based on a new study of the cancer risks from a single contaminant.   
 



INTRODUCTION 



EPA finally issued the Record of Decision (ROD) for Portland Harbor Superfund Site, 17 
years in the making, in January 2017. The proposed Explanation of Significant Differences 
(ESD) proposes to reduce the area of active mitigation and monitoring for the Portland Harbor 
superfund site by 17 acres at the request of some Potentially Responsible Parties (PRPs).   
 



We oppose the proposed weakening of the cleanup because it will unnecessarily expose 
the community to extreme health risks for a much longer period of time.  The Portland Harbor 
site is complex with a toxic stew of contamination from multiple industrial activities over many 
decades.  Benzo(a)pyrene (BaP), a polycyclic aromatic hydrocarbon or PAH, is one such 
contaminant of concern and was a driver of some dredging required as part of the cleanup.  
Responding to community and Tribal engagement, EPA increased the amount of dredging at the 
site.  Dredging is the most effective and permanent cleanup action utilized in the cleanup because 
it removes contamination, makes the fish safe to eat sooner, and reduces the mass of 
contamination and the potential for recontamination.  The proposed ESD would reduce the 
amount of dredging by 17 acres, shifting the cleanup approach to natural recovery and what EPA 
terms “institutional controls,” such as fish consumption warnings and beach closures.  Fish 
advisories and beach closures are no remedy at all.  They leave the most impacted people at risk 
of harm long after the active cleanup ends.  They shift the burden away from those responsible 
for the contamination to those who eat the fish and use shared natural resources.  This is 
unacceptable.   
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EPA is jumping the gun in proposing to make changes to the cleanup standards and 
remedial plan based on a new estimate of one type of risk from one contaminant of concern.  
While a new risk assessment has lowered the cancer risk estimate for BaP, EPA is proposing to 
change cleanup standards for all carcinogenic PAH (cPAHs).  It is doing so based on the 
assumption that the carcinogenicity of the other PAHs should be reduced by the same amount, 
but this assumption lacks an adequate scientific basis.  It also fails to account for the greater 
toxicity of mixtures of PAHs, as documented in recent studies. In addition, before weakening 
cleanup standards for areas where carcinogenic PAHs were the driver for the dredging, EPA 
needs to assess whether noncancer health risks, ecological risks, the risks of recontamination, 
and the risks posed by mixtures and other contaminants will be greater with a reduced amount of 
dredging.   



 
EPA should not finalize the Proposed ESD because to do so would abandon the careful 



balancing that went into selection of a remedy that would result in lower health risks sooner.  It 
should wait to make any changes to the cleanup standards or the remedy until the first five-year 
review when it will have the benefit of monitoring and experience under the cleanup to evaluate 
the adequacy of the ROD cleanup standards and time to examine the impact of the new BaP 
cancer risk estimate on other cPAHs and mixtures.  EPA should move forward expeditiously 
with the cleanup and not prolong exposure to hazardous contamination to save PRPs cleanup 
costs in contravention of the requirements of the Comprehensive Environmental Response, 
Compensation and Liability Act (CERCLA or Superfund). 



 
BACKGROUND 



I. EPA STRUCK A BALANCE IN THE PORTLAND HARBOR RECORD OF 
DECISION THAT INCREASED THE PROTECTIVENESS OF THE CLEANUP IN 
RESPONSE TO COMMUNITY AND TRIBAL INPUT. 



EPA added the Portland Harbor Superfund Site to the National Priorities List in 
December 2000 to address hazardous contamination in the Willamette River from historic 
pollution.  The Portland Harbor Superfund site runs about 10 miles down the Willamette River, 
beginning at the Broadway Bridge by the Pearl District and running north, downstream to 
Terminal 5, almost where the Willamette meets the Columbia River.  EPA, Record of Decision 
Portland Harbor Superfund Site, at 1 (Jan. 3, 2017) (ROD). 



 
Hazardous legacy pollution at the Portland Harbor is an environmental injustice that must 



be fully remediated—not left in place to poison future generations.  Historically, the residential 
neighborhoods adjacent to the harbor, including North Portland, were predominately African 
American communities.  These communities became the dumping ground for industrial 
pollution, and the City’s first garbage facility.  Redlining forced many African Americans into 
the Albina neighborhood on the east bank of the Willamette River, where they historically fished 
in the Portland Harbor.  Grandparents used to pass on the culture of fishing to their 
grandchildren, but today hazardous pollution in the Port strips this community of that joy. 
Although gentrification is changing the demographics of North Portland and the Albina 
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neighborhood, immigrant communities and communities of color still travel to the harbor to fish 
for subsistence.  See generally, Julia Rosen, “A City’s Lifeblood,” Oregon Humanities (Aug. 22, 
2017), Attachment A.  These communities bear the disproportionate burden of pollution in the 
harbor, as do the Tribes who relied on the Willamette River for the way of life since time 
immemorial, and EPA must protect them. 



 
A. The Proposed Remedy Required an Insufficient Amount of Dredging. 



After years of foot-dragging and obstructionist behavior by some of the PRPs, EPA 
finally issued the ROD for the Portland Harbor Superfund Site on January 3, 2017. EPA 
identified the goals of the cleanup remedy as reducing unacceptable human health risks caused 
by toxic exposure to contaminated resident fish and shellfish, in-river sediments, surface water, 
and ground water.  EPA also sought to alleviate ecological risks to wildlife and aquatic animals 
that consume fish, shellfish, and other river dwelling biota.  ROD at i.  



 
It took until 2016 for EPA to release its proposed remedy, called preferred alternative, for 



public comment 16 years after listing Portland Harbor as a Superfund site.  EPA described some 
alternatives as insufficient because they would leave far too much contamination and expose 
people and the environment to unacceptable risks.  As its preferred alternative, EPA identified 
the weakest option that it believed could possibly pass muster.   



 
In selecting its preferred alternative, EPA considered several remedial tools, with varying 



degrees of protectiveness.  Dredging is the most effective and permanent remediation tool, so 
cleanups are stronger when greater numbers of acres or feet of riverbank are dredged.  EPA also 
employs another active remediation tool called “enhanced natural recovery,” designed to 
enhance naturally occurring processes by adding a thin-layer of sand over contaminated 
sediments.  For the rest of the contamination, EPA would rely on: (1) monitored natural 
recovery; and (2) institutional controls.  Monitored natural recovery simply monitors naturally 
occurring processes that, e.g., dilute or move contamination.  Institutional controls seek to reduce 
human exposure by, for example, warning people not to eat the fish or use the beaches.  EPA 
acknowledged that these types of warnings are often ineffective because of lack of clearly 
understandable warnings, spotty compliance, and an overriding need for sustenance when other 
options are unavailable.  ROD, Part III: Responsiveness Summary at 2-191.  In addition, reliance 
on institutional controls acknowledges that the site will not be safe when cleanup activities end, 
and places the burden on the victims to adapt their behavior rather than on the polluter. And 
obviously fish advisories do nothing to reduce exposures to fish, wildlife, and ecological 
resources.  



 
B. The Community and Tribes Sought Greater Protection From Disproportionate 



Exposure to Contamination.  



The community submitted extensive public comments objecting to EPA’s preferred 
remedy because it was too weak and people would be unable to safely eat the fish for inordinate 
periods of time.  The contaminated fish and shellfish have had and will continue to have a 











U.S. Environmental Protection Agency 
Portland Harbor Superfund Comments 
December 21, 2018 
Page 4 
 
disproportionate adverse impact on immigrant, African American, Latinx communities, homeless 
people, and Tribes.  The Responsiveness Summary (at 2-192, -225) for the Record of Decision 
included the following examples: 



 
People still fish from the water and don't understand the adverse 
health effects . . . . I would guess that a majority of the people I see 
are immigrants and need the fish they catch to feed their families.   
 
In the time I spend on the river, I also disproportionately see 
people of color and low income folks fishing in the Superfund site. 
They are the ones whose health is most impacted, and social justice 
demands that we protect everyone who uses the river, especially 
those who depend on it to supplement their diets. 



 
A study conducted by the Oregon State Department of Health documented evidence of 



the local transient community bathing in the harbor and fishing for subsistence.  Lower 
Willamette Group Comment Letter, Sep. 6, 2016, ESD Administrative Record, Tab 6; see also 
Portland Harbor Community Coalition Comments (Sep. 6, 2016) (hereinafter, “PHCC ROD 
Comments”), Attachment B; Rosen, Att. A.   
 
 In response, EPA conducted an analysis of environmental justice issues associated with 
the contamination and the cleanup.  ROD, Responsiveness Summary at 2-218 to 2-229.  Within 
the 2.5 mile radius of Portland Harbor, EPA identified a diversity of neighborhoods.  It noted 
that many Tribal and community members fish for recreation or sustenance or because of long-
held cultural traditions.”  Id. at 2-191.  It further found that people of color living further away 
recreate in the Portland Harbor area, including “Spanish-speaking, Vietnamese, Hmong, 
Chinese, Ethiopian, Somali, and Russian/Slavic communities.”  Id. at 2-221.   
 



EPA identified the need to reduce environmental injustices from contaminated fish 
consumption as a reason to adopt more stringent cleanup standards:  
 



As a result of public comments like the ones outlined above 
regarding environmental justice and fish consumption, EPA has 
chosen a more aggressive cleanup option on the releases of 
hazardous substances to the Site that will allow for additional fish 
consumption after construction of the remedy is complete. 



 
ROD, Responsiveness Summary at 2-226.  EPA also supported prioritizing areas for cleanup that 
have high public use.   
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C. EPA Responded to the Community and Tribes By Making the Remedy More 
Protective. 



In selecting the cleanup remedy, EPA had a legal obligation to ensure the cleanup would 
protect human health and the environment and comply with all applicable and relevant legal 
requirements, like state water quality and hazardous substance remedial standards.  EPA rejected 
a few alternatives because they fell short.  ROD at 89-96.  EPA also had to base its selection of a 
remedy on a balancing a variety of factors, including CERCLA’s strong preference for remedies 
that will be permanent and effective over the long-term and that will reduce toxicity, mobility, 
and the volume of contamination through treatment.  40 C.F.R. § 300.430(f)(1)(i).   



 
In the ROD, EPA abandoned its preferred alternative in response to Tribal and 



community concerns that it would leave too much toxic contamination in the river for far too 
long.  ROD at 85-87.  In its place, EPA selected a more protective remedy based on its analysis 
of the primary balancing factors and its conclusion that protection of human health and the 
environment and a permanent remedy that would have greater certainty of achieving that 
protection warranted the cost and length of the cleanup.   Id.  CERCLA’s preference for 
permanent and effective treatment remedies proved pivotal to its ultimate selection of the 
preferred alternative in the ROD.   



 
First, increasing the amount of the site that would be dredged would increase the long-



term effectiveness and permanence of the cleanup.  It would also lessen the amount of time it 
would take to achieve remedial action objectives and increase the certainty that these objectives 
would ultimately be achieved.  And it would lessen reliance on institutional controls, such as fish 
advisories and restrictions on the allowable use of various properties to prevent or limit 
exposures.   



 
Second, more dredging would also reduce the toxicity, mobility, and volume of toxic 



substances.  Direct contact with contamination would be reduced sooner, as would the toxic load 
transported to the Columbia River and Multnomah Channel.  The ROD repeatedly highlights the 
direct correlation between the amount of the site dredged and the permanence and effectiveness 
of the remedy, as well as sooner reduction of risks and greater certainty of achieving that 
reduction.  “EPA has determined that the Selected Remedy provides the best balance of trade-
offs in terms of the five balancing criteria, while also considering the statutory preference for 
treatment as a principal element and State, Tribe, and community acceptance.”  ROD at 133.   



 
The ROD increased the amount of dredging, capping, and enhanced natural recovery 



from 291 acres to 394 acres and from 19,472 to 23,305 linear feet of riverbank.  Compared to the 
proposed remedy, the ROD reduced cancer risks, noncancer risks, and the migration of 
contaminants of concern through groundwater plumes.  While improved over the proposed 
remedy, the ROD would still leave people and resources at risk for years or even decades after 
the end of the cleanup operation.  These risks will continue because EPA’s remedy still relies 
heavily on monitored natural recovery, fish advisories, and beach closures.  EPA determined that 
adults, children, and mothers with breastfeeding infants would be able to eat more fish safely at 
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the end of the cleanup, although they still would need to limit how many fish they ate to 16, 14, 
and 1 fish meal per year, respectively.  And those most at risk (such as Tribal members, 
subsistence fishers, and women who are breastfeeding) would be unable to safely consume more 
than a minimal amount of the most contaminated fish for an indefinite period of time.  The 
Portland Harbor ROD requires five-year reviews in perpetuity because the selected remedy will 
leave contamination in place above levels that allow unlimited use and unrestricted exposure, 
thereby exposing the public to a continued hazardous threat.   
 
II. THE GENESIS OF THE PROPOSED EXPLANATION OF SIGNIFICANT 



DIFFERENCES  



A few weeks after issuance of the ROD, EPA’s Integrated Risk Information System 
(IRIS) released an updated risk assessment for BaP that modified the oral cancer slope factor for 
BaP from 7.3 to 1 mg/kg-day.  EPA IRIS, Toxicological Review of Benzo[a]pyrene, (Jan. 2017).  
Some of the PRPs seized upon this study to lobby EPA to weaken the cleanup remedy.   



 
Specifically, on August 2, 2017, NW Natural, a gas company and one of the PRPs, sent 



EPA a letter, urging EPA to make dramatic changes to the sediment cleanup levels throughout 
the Portland Harbor site.  NW Natural argued that all cleanup standards based on carcinogenic 
PAHs should be weakened because of the updated risk assessment for BaP.  NW Natural 
assumed that the IRIS study could be applied in a formulaic manner to all triggers for 
remediation based on cPAHs and argued for lowering all sediment and riverbank soil cleanup 
levels for cPAHs and reducing the number of acres of contaminated sediment removed by 
dredging.  See Proposed ESD, App. A4, Tab 10.1   



 
EPA made the NW Natural advocacy documents available to the Tribes whose Treaty 



rights are adversely impacted by the contamination of Portland Harbor and who are natural 
resource damages co-trustees.  The Tribes pushed back against NW Natural’s wholesale 
application of the IRIS study to all cPAH triggers and to NW Natural’s methodology underlying 
its quest for lower remedial action levels.  First, the Tribes opposed any change to navigation 
channel cleanup levels because other cleanup standards, e.g., for benthic risks, are unaffected by 
the IRIS study and are more protective.  Proposed ESD, App.  A8, A11.  Second, EPA could not 
reduce protections below that required by state and federal water quality and hazard remediation 
standards.  Id. Third, NW Natural deviated from EPA’s methodology and offered its own novel 
approach in arguing that the remedial action levels for the nearshore area and navigation channel 
should be weakened.  Id.  Fourth, if the cPAH cleanup standards are weakened, EPA would need 
to determine whether other contaminants of concern should be the drivers for cleaning up 
specific areas where cPAHs had previously been the driver.  Proposed ESD, App. A11.  In 



                                                 
1 The ESD administrative record contains a critical response from Tribes to a proposal by the 
Port of Portland to weaken cleanup standards at Terminal 4.  Proposed ESD, App. A9.  However, 
no Port proposal is in the record.  Nor is there an EPA analysis of any such proposal.  If the 
Port’s proposal played any role in the development or contents of the ESD, it should be made 
publicly available for review and comment, along with EPA’s analysis of it.  
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addition to their concerns about these technical issues and about the hasty, PRP-driven process 
by which EPA was considering these changes, the Tribes insisted that EPA not delay the cleanup 
and that it conduct an in-depth evaluation to ensure that any changes will not reduce health and 
ecological protections.  Proposed ESD, App. A8, A11.  



 
NW Natural continued to press aggressively for its proposed changes to the ROD.  EPA 



resisted the pressure to weaken navigation channel standards because a weaker standard for 
carcinogenic PAHs would not be protective of ecological risks, but decided to weaken the other 
standards.  Proposed ESD, App. A3 at 5 (in response to NW Natural memorandum, stating that 
the information warranted changes to the cleanup levels for cPAHs, principal threat waste, and 
nearshore sediment risk action levels).  All of the PRP advocacy and EPA’s responses took place 
behind closed doors for more than a year before EPA revealed its plans to the public.  By then, 
EPA had decided to make most of the requested changes to the ROD. 



 
The public revelation came on October 22, 2018, when EPA released its Proposed 



Explanation of Significant Differences.  EPA described the pathways of exposure to cPAHs as 
including beach exposure by dockside workers, transients, recreational beach users, and high 
frequency fishers, direct exposure to contaminated sediments, and consumption of contaminated 
shellfish, including clams and fish.  Proposed ESD at 21.  EPA proposed weakening cleanup 
levels for cPAHs by the reduction in cancer risk identified in the IRIS risk assessment.  Proposed 
ESD at 20.  These and other proposed changes would weaken the cleanup levels for recreational 
beach sediment, direct contact with sediments in near-shore areas, shellfish consumption, and the 
threshold for highly toxic principal threat waste.  See Proposed ESD at 27-28, Table 1.  EPA also 
proposed weakening the remedial action level for sediments outside the navigation channel 
threefold.2   



 
The weaker cleanup standards would reduce the amount of active remediation in this 



Superfund cleanup.  The ESD would reduce the area dredged and capped by 17 acres and the 
riverbank remediation by 713 feet.  Proposed ESD at 25, Table 8.  Seven percent less of the 
groundwater plume would be remediated. Proposed ESD, Table 7.  At the end of the cleanup, the 
ESD would allow greater risks to remain in surface water, clams and other benthic organisms, 
and additional ecological endpoints.  Proposed ESD, Tables 4, 5, 6.  In terms of human health, 
the changes would increase hazardous risks from consuming fish and shellfish from the harbor, 
particularly in pollution hotspots.  Proposed ESD, Figs. 10a to 10l, Table 3.  The proposed 
changes would reduce the cost of the Portland Harbor Superfund cleanup by $35 million.  
Proposed ESD at 9.  



 



                                                 
2 EPA identified a mathematical error in its calculation of carcinogenic PAHs shellfish 
consumption sediment cleanup level for subsistence fisher risks.  The Proposed ESD would 
correct this error, but that correction is the type that is appropriate for an errata.  The undersigned 
agree that the mathematical error should be corrected. 











U.S. Environmental Protection Agency 
Portland Harbor Superfund Comments 
December 21, 2018 
Page 8 
 



EPA SHOULD NOT FINALIZE THE PROPOSED ESD. 



These comments address policy, legal, and technical deficiencies in the proposed ESD.  
The technical comments are based on a review conducted by Dr. Peter de Fur, a scientist and 
technical advisor to citizen organizations concerning the cleanup of contaminated sites at 
CERCLA and RCRA sites around the country, as well as EPA.  Curriculum Vitae of Peter Lee 
deFur, Ph.D., Attachment C.  EPA led a closed process to develop the ESD and ROD 
implementation activities.  EPA has failed to abide by best practices concerning transparency and 
public participation.  Public comments from other groups raise these concerns and offer 
recommendations and demands for a more open and inclusive process going forward, sentiments 
that the undersigned share.   



I. EPA SHOULD NOT WEAKEN A CLEANUP PLAN THAT ALREADY LEFT 
PEOPLE EXPOSED TO UNACCEPTABLE HEALTH RISKS LONG AFTER THE 
END OF THE CLEANUP ACTIVITIES.   



 
The ROD strengthened the remedy in response to community and Tribal input and the 



mandated balancing of the statutory remedy selection criteria, and EPA cannot abandon the 
balance it struck as is envisioned in the proposed ESD.  While the PRPs lobbying for the weaker 
cleanup standards may be motivated by desired cost-savings, EPA must adopt a cleanup under 
CERCLA that is responsive to the public and protective of public health.  To be true to the public 
input and community engagement, and the multi-faceted remedy selection balancing EPA 
undertook as mandated under Superfund, EPA cannot now unravel that plan by elevating cost 
savings over public health.  It must heed Superfund’s preference for permanent and effective 
remedies that limit the length of time it will take to achieve cleanup levels.  In adopting the ROD 
and strengthening the cleanup standards compared to EPA’s proposed remedy, EPA weighed all 
the factors that go into selecting a remedy and modified the proposed remedy to be more 
responsive to community and Tribal demands for greater protection of health and the 
environment. 



 
The Proposed ESD departs from that type of multi-faceted decision-making process that 



integrates all of the statutory remedy selection factors.  It elevates the PRP’s concerns over 
public health and the environment, and it undoes the careful balance struck as a result of 
community and Tribal engagement through the public participation process compelled by 
Superfund.   



 
EPA cannot unravel the Portland Harbor ROD through the backdoor based on a risk 



assessment on a single chemical.  Doing so would render irrelevant the thousands of public 
comments on the original proposed plan that urged EPA to use the more stringent and protective 
remediation method –dredging – throughout a greater portion of the Portland Harbor Superfund 
Site.  See “National Oil and Hazardous Substances Pollution Contingency Plan”, 55 FR 8666, at 
8772 (Mar. 8, 1990) (“The public comment on the original proposed plan required under section 
117(a) could be rendered meaningless by a revision which is fundamentally different from the 
remedies suggested in the proposed or final remedial plan.”).  By EPA’s own account, these 
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public comments spurred the agency to increase the acreage of the harbor remediated by 
dredging.  ROD at i-ii.   



 
EPA cannot simply plug the IRIS cancer risk estimates into the cleanup levels and 



remedial action levels in a rote manner.  It must consider how doing so will impact the near-term 
risks to the public, the long-term effectiveness and permanence of the cleanup, the reduction and 
certainty of the reduction in health and environmental harm, and other statutory criteria.  



 
The weakening of the cleanup standards and remedial action levels would have palpable 



effects.  Most importantly, it would reduce the amount of active remediation through dredging.  
The proposed weakening of the remedial action level for sediments outside the navigation 
channel would reduce the area that would be dredged by 17 acres.  Proposed ESD at 16.  It 
would also shrink the area subject to contaminated riverbank remediation by 713 feet, as 
compared with the ROD.  Proposed ESD at Table 8.   



 
 This reduction has over-riding significance since the amount of dredging has a direct 
correlation to the decrease in cancer and other risks, the permanence and effectiveness of the 
remedy, the certainty that the cleanup will reduce the risks, and reduction in the toxicity, 
volumes and mobility of the contamination.  EPA relied on the benefits of dredging in selecting 
the ROD remedy over a weaker one it had previously preferred.  Now it is backtracking, and that 
backtracking increases and prolongs health and ecological risks.  



 
A.  The Proposed ESD Would Increase Cancer Risks.  



In the ROD and its prior assessments of cancer risks, EPA adhered to its standard 
approach, which establishes a goal of protecting against any greater incidence of additional 
lifetime cancers than one in 1,000,000 (expressed in the scientific notation 1 x 10-6).  That is the 
level of protection EPA uses to establish cleanup levels – the residual concentrations of 
contaminants deemed protective under specified exposure conditions.  One in a million 
additional lifetime cancers is widely recognized as an accepted level of protection.  EPA uses it 
to prohibit regulatory actions that expose the public to higher cancer risks.  H.R. Rep. 104-669 
Part 2, Food Quality Protection Act of 1996, 104th Cong., 2d Sess. 41 (1996) (for risks such as 
cancer that can be assessed through quantitative risk assessment, Congress intends for EPA to 
continue to interpret “a negligible risk to be a one-in-a-million lifetime risk”).    
 



Under Superfund, EPA has allowed states to set a lower level of protection, provided it 
allow no more than 1 additional lifetime cancer in 10,000 exposed.  Oregon requires hazardous 
waste remedial actions to protect against an additional lifetime cancer in 100,000 exposed (1 x 
10-5). OAR 122-0115.   
 



Both the ROD and the preferred alternative came perilously close to the 1 x 10-4 cancer 
risk level for the sediment and fish consumption remedial action objectives.  Even purporting to 
protect against 1 x 10-5, at the end of the cleanup, the selected remedy would allow adults to eat 
no more than 16 fish meals per year, children 14 fish meals, and mothers with breastfeeding 
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infants, only 1 meal.  And the ROD indicates that fish advisories would be required because it 
would be unsafe to consume greater amounts of fish for a long period of time after the end of the 
cleanup.   
 



By endorsing a reduction in the amount of dredging, the ESD would allow cancer risks to 
butt up against the 1 x 10-4 level at many locations in the Portland Harbor site.  ESD at 28-29; 
Table 3.  At some locations, EPA projects that the ESD would increase cancer risk from fish 
consumption of 27%, 35%, 39%, and even 100% (compared to the ROD).3   
 
 In the ROD, EPA provided a comparison of the various alternatives that laid out how 
many fish meals people would be allowed to consume safely at the end of the cleanup.  The 
number of fish meals is shockingly small, confirming that the adopted cleanup would continue to 
expose people to unacceptable risks if they ate even two fish per month.  The ESD provides no 
estimates of how many fish people would be able to eat under the weakened cleanup or how long 
restrictions on the amount of fish that can be safely consumed would continue after the end of  
the cleanup.  It should be remembered that when the ROD selected a more protective remedy 
than what it had proposed, the amount of fish that could be safely consumed went up only 
incrementally (2-3 fish meals per year for children and adults and 0.3 fish meals for 
breastfeeding infants).  Other alternatives would have doubled the allowable fish consumption.  
ROD Table 22.  Given Superfund’s over-riding mandate to protect human health, one would 
expect EPA to have considered and presented to the public the real-live effects of changing the 
remedy under the proposed ESD.   
 



Finally, the proposed ESD would violate the mandatory Superfund requirement that all 
applicable or relevant and appropriate requirements (“ARARs”) must be met after the cleanup.  
Oregon law sets a lifetime cancer risk limit of 1 in 100,000 (1 x 10-5).  OAR 340-122-0115.  In 
the ROD and proposed ESD, EPA identifies the one in 100,000 risk level as an ARAR for the 
Portland Harbor site.  The ROD would allow cancer risks far greater than this limit on the 
assumption that natural recovery would reduce them to the limit over an unspecified period of 
time.  When and even whether cancer risks would be reduced under the ROD to the ARAR level 
was far from certain.   



 
Now EPA is proposing to slip further by allowing cancer risks ten times greater than 



what Oregon law allows at the end of the cleanup.  At river mile 6.5, cancer risks would increase 



                                                 
3 The ESD provides two types of estimates of changes in cancer risks.  The first is a formulaic 
application of the cancer slope factor from the IRIS risk assessment.  Application of this formula 
unsurprisingly leads to lower projections of cancer risks, even if nothing changes in the cleanup 
remedy.  The second is an estimate of the risks that will be presented at the end of a weakened 
cleanup.  These changes have real-life consequences on people and the river and would increase 
under the proposed ESD. 
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by 93%.  At river mile 5.5, cancer risks would worsen from 9 x 10-5 to 1 x 10-4, from meeting the 
Oregon limit to an order of magnitude greater than what Oregon law allows.  ESD Table 3.4   
 



B.  The Proposed ESD Would Increase Non-Cancer Health Risks. 
 
In the proposed ESD, EPA reveals other increased health risks as an outcome of the 



proposed changes. In addition to cancer, BaP is linked to neurological, developmental, 
reproductive, and immune toxicity in people.  EPA never offers a justification for increasing 
risks when it would unravel the hard bargain struck in the ROD in response to community and 
Tribal demands to increase protection.  



 
EPA assessed the risks of health effects other than cancer using a different, standard 



methodology.  EPA compared the average daily exposure to its safe level, called a reference 
dose.  EPA derives a hazard quotient, which is the ratio of the exposure to the reference dose.  
Hazard quotients that exceed 1 are of concern.  ROD at 37.  The ROD identified the most serious 
risks as from the consumption of fish and shellfish with subsistence fishers and their 
breastfeeding infants facing the highest risks.  ROD at 39-42; see also ROD Table 11a in 
Appendix II) (additional lifetime cancer risks to children as great as 2 in 100 and for nursing 
infants 1 in 100).5  



 
The ESD projects that noncancer risks would increase by substantial percentages for 



children and infants.  For example, the hazard index for a child would increase from 0.8 to 1.7, 
turning what was not a risk of concern to one that is now of concern.  ESD at 29.  The hazard 
index for an infant at river mile 6.5 would increase from 25 to 48, a 91% increase.  Id., Table 3.  



 
EPA appears to have discounted these increased risks by averaging them over the entire 



site, but the risks from the highly contaminated Gasco and Terminal 4 sites have been the subject 
of heightened concerns because of their high levels of contamination from PAHs.  Cutting 
corners on dredging of principal threat wastes at these sites would leave dangerous hot spots, as 
Table 3 reveals.  Given EPA’s mandate to protect public health, it cannot justify the increases in 
health risks to children at river miles 5.5 to 6.5 by 24%, 43%, and 100%, or to infants by 23%, 
38%, and 91%.  Shrinking the area that would be dredged at these highly contaminated sites 
would also lead to the migration of the contaminants that would pose risks to people and the 
river far into the future.  This is a particular concern at the Gasco site because it is subject to 
scouring, which mobilizes sediments allowing them to move downriver.  By using the IRIS 



                                                 
4The ROD indicated that some risks, e.g., from PCBs, would be greater than allowed under the 
ARARs due to background contamination.  That is not the case for PAHs, and the ESD Table 3 
indicating that the ROD would reduce contamination more than the proposed ESD makes it clear 
contamination remaining at the end of cleanup is not due to background levels.  
5 The Agency for Toxic Substances and Disease Registry toxicological profile for PAHs also 
identifies reproductive impairments, birth defects, lower body weight in infants, adverse effects 
on the skin and body fluids, and impaired immunities, available at:  
https://www.atsdr.cdc.gov/toxprofiles/tp.asp?id=122&tid=25. 
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cancer risk level to weaken the standard, EPA is focusing only on the high toxicity of PAHs, but 
principal threat wastes include contaminants that are highly mobile.  EPA needs to consider 
whether PAHs should still be designated as principal threat wastes based on their high mobility 
at least at PAH hot spots like Gasco that are subject to scouring.    



 
C.  The Proposed ESD Would Increase Environmental Risks.   
 
The IRIS cancer risk assessment – the articulated basis for the proposed ESA – has no 



bearing on ecological risks.  EPA recognized this when NW Natural asked it to weaken the 
cleanup standards for the entire site.  EPA appropriately refused to do so because the standards 
based on environmental risks are stronger than a weakened health-based standard downgraded 
based on the IRIS cancer risk level.   



 
EPA included in the proposed ESD information indicating that weakening the cPAH 



standards would worsen environmental risks at the end of the cleanup.  Specifically, the 
proposed ESD would reduce the area of contaminated groundwater plume remediated by 7%.  
Proposed ESD at 29; Table 7 (down to 32% from 39%).  The groundwater plume is a mechanism 
by which hot spot contamination can move through the site and downstream, causing 
recontamination and spreading the concentrated pollution to other places and media.   



 
The proposed ESD would reduce the ability of the cleanup to attain surface water 



remedial action objectives, not only for cPAHs, but also for other contaminants of concern like 
arsenic, chlordanes, BEHP, a phthalate, and DDE and DDD, metabolites of DDT.  Proposed 
ESD at 25, 29 & Table 6.  This is particularly troubling because the ROD would leave 
concentrations of many contaminants in surface water at concentrations ten times greater than 
the cleanup levels for human health and fish and other aquatic life.  It would take longer to 
achieve the cleanup levels through natural recovery processes.  In its community information 
session on the ESD on November 20, 2018, EPA admits, “[n]atural recovery processes such as 
sediment deposition within the navigation channel are not happening for contaminated areas 
between RM 5-7.”  EPA Region 10, Community Information Session, Proposed Explanation of 
Significant Differences (ESD), Portland Harbor Superfund Site, Sean Sheldrake and Laura 
Knudsen (Nov. 20, 2018), Attachment D, https://semspub.epa.gov/work/10/100122434.pdf. 



 
The proposed ESD is indefensible in how it addresses risks to benthic organisms, the 



creatures like clams and crayfish that live in the riverbed.  The ROD established a total PAH 
sediment cleanup level for benthic risks of 23,000 µg/kg.  The proposed ESD would increase the 
total PAH human health RAL from 13,000 µg/kg to 30,000 µg/kg.  In other words, EPA would 
no longer require dredging that would be necessary to meet the benthic risk cleanup level.  EPA 
admits that “PAHs in sediment present unacceptable risk to the benthic community.”  Proposed 
ESD at 25.  It nonetheless tries to justify the proposed ESD by asserting that its effect on the 
ability to achieve the benthic risk remedial action objective or cleanup levels would be 
“minimal.”  Id.  EPA admits, “the total PAH cleanup level of 23,000 µg/kg is exceeded in the 
navigation channel between RM 5 – 7 with unacceptable risk to the benthic community.”  EPA 
Community Information Session, at 19. 





https://semspub.epa.gov/work/10/100122434.pdf
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The ROD assessed the extent to which the alternatives would reduce benthic risks to 10 



times more than what would be allowed under the cleanup standards in the long run, on the 
assumption that natural recovery would lead to attainment of the cleanup standards.  The 
proposed ESD would result in a smaller percentage of the site meeting both the remedial action 
objective and the cleanup standard.  Proposed ESD at 25, 29 & Table 4 (3% and 2% 
respectively).  What EPA calls a “minimal” effect is moving in exactly the wrong direction and 
without any justification based on any asserted change in the science or data from the site.   
 



Weakening the Superfund cleanup remedy should be subject to a heightened level of 
review given the focus of CERCLA on protecting public health and the environment.  Burlington 
N. & Santa Fe Ry. Co. v. United States, 556 U.S. 599, 602 (2009); Dedham Water Co. v. 
Cumberland Farms Dairy, Inc., 805 F.2d 1074, 1081 (1st Cir. 1986) (“CERCLA is essentially a 
remedial statute designed by Congress to protect and preserve public health and the environment. 
We are therefore obligated to construe its provisions liberally to avoid frustration of the 
beneficial legislative purposes.”).6  



 
D.   The Proposed ESD Would Disproportionately Impact Subsistence Fishers From 



Low-Income Communities and Communities of Color. 
 
In adopting the ROD, EPA recognized that Portland Harbor contamination 



disproportionately impacts low-income people and communities of color.  Even though the 
proposed ESD would take a sharp turn away from the ROD and weaken the cleanup standards, 
EPA has not even acknowledged the environmental injustices that would result from adopting it.  
 



By reducing the scope of the cleanup plan, the proposed ESD would increase health risks 
from consuming contaminated fish and shellfish.  As EPA recognized in adopting the ROD, 
communities of color and low-income people, including historically disenfranchised and 
marginalized populations, disproportionately rely on fishing from the lower Willamette River for 
their subsistence.  This phenomenon is not uncommon.  Communities of color, low-income 
communities, and Tribes consume fish in greater quantities and rely on fish for cultural, 
traditional and subsistence reasons more than the general population. Nat’l Envtl.  National 
Environmental Justice Advisory Council, Fish Consumption and Environmental Justice at 14 
(Nov.: A Report Developed from the National Environmental Justice Advisory Council Meeting 
of December 3–6, 2001 (revised November 2002) (“NEJAC Report”), 
https://www.epa.gov/sites/production/files/2015-02/documents/fish-consump-report_1102.pdf.”) 



                                                 
6 Because the proposed changes would unravel the balance struck by EPA when it considered 
and balanced the CERCLA remedy selection factors, and alter the remediation plan in a way that 
exposes the community to higher health risks for much longer, these changes may be too great to 
make through an ESD.  See 40 C.F.R. § 300.435(c)(2)(i)-(ii) (fundamental changes to cleanup 
remediation must occur through a ROD amendment, not an ESD); United States v. Burlington 
Northern R. Co., 200 F.3d 679 (10th Cir. 2008) (EPA had to amend the ROD to fundamentally 
change the cleanup plan).   
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at 14.  EPA should not scale back the scope of the cleanup plan without appropriately accounting 
for and addressing the exposure of members of communities of color, low-income communities, 
and Tribes. 
 
 To the extent that EPA reduces the amount of dredging at Portland Harbor, it would 
inevitably increase its reliance on fish advisories, which shifts the burden from the polluter to the 
people exposed to the health risks, contrary to Superfund’s polluter pays principle.  Such risk 
avoidance strategies ask impacted communities to “refrain from eating the fish, drinking the 
water, playing at the field down the hill, working outdoors, and undertaking a host of other 
heretofore ordinary, healthful, and even cherished human activities[.]”  Catherine O’Neill, “No 
Mud Pies: Risk Avoidance as Risk Regulation,” 31 Vt. L. Rev. 273, 274-275 (2006).  EPA has 
acknowledged that, “a fish advisory and posting warning signs may not be sufficient by 
themselves to adequately inform the public about risks at the Site.”  Responsiveness Summary 
Report at 2-191.  Studies have found that people of color, people with low incomes, limited 
English proficiency, or relatively little education are less likely to be aware of fish consumption 
advisories.  NEJAC Report at 107. 
 
 Relying on fish advisories is particularly misplaced when environmental justice 
communities are involved, as studies have shown that “it may be impractical or impossible for 
those who are affected by contaminated aquatic environments to give up or alter their fish 
consumption practices.  This may be so for economic, geographic, historical, traditional, cultural, 
religious, and/or legal reasons.”  As the National Environmental Justice Advisory Council 
recommended in its Fish Consumption and Environmental Justice Report, “EPA needs to refrain 
from falling back on ‘institutional controls’ (e.g., put a fence around the site and post ‘No 
Fishing’ signs) and undertake aggressive cleanups where the sites are past or present locations 
for fishing and other activities that expose communities of color, low-income communities, 
tribes, and other indigenous peoples to contamination.”  NEJAC Report at 89.  The proposed 
ESD ignores NEJAC’s advice.  By opting for a less aggressive cleanup, EPA’s proposed ESD 
may further exasperate the nutritional deficits and other health detriments that disproportionately 
affects environmental justice communities.  The proposed ESD should be rejected and EPA 
should leave the original more aggressive cleanup in place.   
 
II. EPA LACKS AN ADEQUATE SCIENTIFIC BASIS FOR WEAKENING THE 



CLEANUP.  



In its haste to make the changes to the ROD sought by PRPs, EPA is proposing to 
weaken the cleanup without fully investigating and understanding the implications for health, the 
environment, and impacted communities.  EPA should keep the cleanup on track and avoid 
weakening the cleanup and exposing people to risks and fish advisories for longer periods of 
time than would occur under the ROD.    
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A. The IRIS Risk Assessment on BaP is an Insufficient Basis to Weaken the Cleanup 
Standards. 



The Proposed ESD would change cleanup standards based on the IRIS update that 
lowered the cancer potency of BaP.  IRIS only evaluated the carcinogenicity of BaP and not 
other PAHs.  Even as to cancer risks, IRIS addressed only some risks.  While IRIS classified BaP 
as a carcinogen to humans by all routes of exposures, it did not quantify the risk of skin cancer 
from dermal exposures, even though the draft assessment had done so.  Industry trade 
associations had urged IRIS to abandon the quantitative skin cancer assessment.   



 
Nor did IRIS review the relevant potency of BaP and the other carcinogenic PAHs.  In 



the ROD, EPA compared the six other carcinogenic PAHs to BaP, using a formula that assigned 
each of them a Relative Potency Factor (RPF).  EPA assumed that it could continue to use the 
same RPFs and simply apply them to the reduced cancer risk derived by IRIS.  That is what it 
did in the proposed ESD.  Proposed ESD at 9.  This approach is invalid.  



 
EPA has applied a similar method of applying a risk factor (Toxic Equivalency Factor or 



“TEF”) to other chemicals in a class in the context of dioxins and furans and PCBs, for which 
there is widespread evidence to support a relative potency relationship.  Similar evidence to 
support applying a relative potency factor across a class of chemicals does not exist for PAHs.  
In 2010, a Scientific Advisory Board convened for peer-review of the EPA’s “Development of a 
Relative Potency Factor (RPF) Approach for Polycyclic Aromatic Hydrocarbon (PAH) Mixtures 
(February 2010 Draft),” supported only cautionary use of RPFs in its submission to EPA: 



 
Although the [Scientific Advisory Board] supports the use of 
benzo[a]pyrene (BaP) as the index compound for the RPF 
approach, the cancer slope factor for BaP is outdated and it is 
essential that EPA expeditiously update the cancer slope factor for 
BaP.  The SAB also recommends that EPA consider developing a 
whole mixtures approach for PAHs.  This approach could validate 
the RPF approach and in the future, could replace the RPF 
approach.  



 
https://yosemite.epa.gov/sab/sabproduct.nsf/36a1ca3f683ae57a85256ce9006a32d0/F24FBBBAC
A6EEABA852578570040C547/$File/EPA-SAB-11-004-unsigned.pdf.   
 



Scientific studies from the Oregon State University and affiliated experts, in consultation 
with EPA, found that the RPFs underestimate the cancer potency for some PAHs, as well as for 
mixtures that are present at the Portland Harbor site.  Susan Tilton, et al., “Mechanism-Based 
Classification of PAH Mixtures to Predict Carcinogenic Potential,” Toxicological Sciences, 
146(1), 135–145 (2015), Attachment E; Lisbeth K. Siddens, et al., “Polycyclic aromatic 
hydrocarbons as skin carcinogens: Comparison of benzo[a]pyrene, dibenzo[def,p]chrysene and 
three environmental mixtures in the FVB/N mouse,” Toxicol. Appl. Pharmacol., 264(3), 377–
386 (2012), Attachment F; see also, Oregon State University Superfund Research Program, 





https://yosemite.epa.gov/sab/sabproduct.nsf/36a1ca3f683ae57a85256ce9006a32d0/F24FBBBACA6EEABA852578570040C547/$File/EPA-SAB-11-004-unsigned.pdf


https://yosemite.epa.gov/sab/sabproduct.nsf/36a1ca3f683ae57a85256ce9006a32d0/F24FBBBACA6EEABA852578570040C547/$File/EPA-SAB-11-004-unsigned.pdf
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Proposed Changes to Portland Harbor Superfund infographic (2018), Attachment G, available at 
https://superfund.oregonstate.edu/sites/superfund.oregonstate.edu/files/image-
album/infographics/infographics_0.jpg.  The 2015 Tilton study explains: 



 
Currently, the primary method for assessing cancer risk of a 
complex mixtures is the relative potency factor (RPF) approach in 
which complex mixtures are evaluated based on a subset of 
individual component PAHs compared with BaP as a surrogate or 
reference. However, we and others have found this approach 
inadequate for predicting carcinogenicity of mixtures and certain 
individual PAHs, particularly those that function through 
alternative pathways or exhibit greater promotional capacity 
compared to BaP . . . . This approach is also insufficient for 
predicting carcinogenicity of complex real-world environmental 
mixtures of unknown composition. 



 
The 2012 study showed that “overall tumor incidence did not correlate with relative 



potency calculated based on BaP equivalency . . . in which mixture RPFs are determined using 
reported RPFs for known components.”  Tilton, 137.  The 2015 study proposed an alternative to 
RPFs: applying “whole mixture assessment.”  Tilton, 142-44. 



 
In the face of these studies, EPA lacks an adequate scientific basis for applying the BaP 



cancer risk level to reset the cleanup and remedial action levels that apply to all carcinogenic 
PAHs.  Additional research and analysis is required to establish the quantitative relationship 
among the several PAHs that have been included in the RPF approach.  If the toxicity of BaP is 
7.3 times greater, but the other PAHs are, in fact, no less toxic under experimental conditions, 
then the relative potency factors that have been used to relate one PAH to another are no longer 
valid and need to be re-evaluated.  
 
 The 2012 study also found that the carcinogenicity of mixtures of PAHs was greater than 
the sum of their parts.  Specifically, the authors note: “The carcinogenicity with DBC and two of 
the mixtures was much greater than would be predicted based on published Relative Potency 
Factors (RPFs).”  Based on these studies, the RPF approach is inadequate for mixtures, the form 
in which PAHs occur throughout Portland Harbor, as in most, if not all contaminated sites.  
 



EPA needs to assess the cumulative and aggregate risks from carcinogenic PAHs and 
particularly PAH mixtures before it can use the RFP approach to apply the IRIS cancer risk 
factor for BaP to all cPAHs.  It must do so before weakening the cleanup standards based on 
incomplete and flawed scientific information. 



 
The administrative record for the proposed ESD contains a memorandum from a PRP 



attorney.  The memo begins by taking issue with aspects of the remedy selected in the ROD 
based on evidence in the pre-ROD administrative record.  In the absence of a clear mathematical 
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error, like the sediment cleanup levels for cPAHs based on shellfish consumption, or some other 
error appropriate for correction in an errata, these requests were a clear exercise in over-reaching.   



 
In trying to make the case for weakening the remedy, the PRP legal memo makes two 



erroneous arguments.  First, it contends that EPA must change the ROD based on the IRIS 
cancer risk estimate.  In support, the PRPs cite two EPA memoranda that recommend that EPA 
generally use available IRIS assessments in preparing Superfund risk assessments.  EPA, Use of 
IRIS Values in Superfund Risk Assessment, OSWER directive 9285.7-16 (December 21, 1993), 
p. 1; EPA, Human Health Toxicity Values in Superfund Risk Assessments, OSWER directive 
9285.7-53 (December 5, 2003), p. 2.  The EPA recommendations contain an important qualifier 
in stating that IRIS should generally be used; they also pertain to the initial development of 
EPA’s Superfund risk assessments, not the actions EPA should take when it long ago completed 
its risk assessment for the site and adopted a ROD.  This qualification is fleshed out in the 
remainder of the memoranda, which the PRP fails to mention.  The memoranda do not address 
the situation where new toxicity information is brought to EPA’s attention, nor do they not 
address ecological risks.  2003 Memo at 1; 1993 Memo at 2.  EPA must consider and evaluate 
risk based on all credible and relevant information.  2003 Memo at 2; 1993 Memo at 2.  Here as 
discussed below, peer-reviewed scientific articles provide such credible and relevant information 
and make it inappropriate to use the IRIS assessment to weaken the cPAH cleanup levels and 
remedial action levels.   



 
Second, the PRP legal memo asserts that: (a) EPA has the authority to order a cleanup 



under CERCLA only when there is an unacceptable risk; and (b) the IRIS study proves there is 
no longer an unacceptable risk.  This “legal” argument is tautological and falls apart on a closer 
examination of whether the IRIS study proves the current cleanup and remedial action levels 
would require remedial actions in places where no unacceptable risks are present.  Admittedly, 
the ROD would result in unacceptable risks from eating fish and shellfish at the end of the 
cleanup and for an indefinite period of time thereafter.  Cancer risks are unacceptable today and 
would remain so, and with less dredging, EPA lacks certainty that the risks would be brought 
down to levels it deems acceptable in the foreseeable future.  Clearly unacceptable risks persist 
and will plague the people who depend on the river for their sustenance perhaps for the rest of 
their lives.   



 
Ironically, the PRP legal memo includes the following quotations from EPA’s 



Comprehensive Five-Year Review Guidance, OSWER 9355.7-03B-P (June 2001), p. 4-4 & 4-5: 
 



Are the exposure assumptions, toxicity data, cleanup levels, and 
remedial action objectives used at the time of remedy selection still 
valid?  In conducting your five-year review, you should evaluate 
the effects of significant changes in standards and assumptions that 
were used at the time of remedy selection. *** Similarly, you 
should investigate the effect of significant changes in the risk 
parameters that were used to support the remedy selection, such as 
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reference doses, cancer potency factors and exposure pathways of 
concern.   
 
Have toxicity factors for contaminants of concern at the site 
changed (e.g. Integrated Risk Information System (IRIS) 
evaluations? 
 



These quotations confirm that the types of changes the PRPs are seeking should wait for the five-
year review where they can be considered along with other new information.   
 



B. EPA Must Ensure People Are Protected From Mixtures, Other Contaminants Of 
Concern, And Effects Other Than Cancer. 



Portland Harbor is a complex site that involves far more than exposure to one 
contaminant.  “In most areas of the Site, multiple COCs are comingled.”  Proposed ESD at 14.  
EPA has never accounted for the cumulative impacts of exposures to mixtures or the additive 
impacts of exposures to multiple hazardous contaminants specific to the site.  Weakening the 
cleanup based on studies of a single chemical is unwarranted until these effects have been 
examined.  EPA needs to make sure that non-cancer impacts or exposures to other contaminants 
of concern like PCBs (polychlorinated biphenyls) will be minimized to the maximum extent 
possible.  EPA must also assess the toxicity of the PAH metabolites or breakdown products, 
which pose significant health concerns, and ensure that a myopic focus on the IRIS cancer slope 
factor will not conceal higher risks posed by the metabolites.   
 



Mixtures of different chemicals are inadequately evaluated in the Proposed ESD.  Any 
toxicology revisions to PAHs need to account for toxicological interactions among different 
chemicals, especially contaminants of concern in the Portland Harbor site, such as PCBs, DDx, 
and other pesticides. The ROD did not address mixtures sufficiently.  This gap in data and 
analysis should not be taken to mean an absence of serious risks.  EPA could collect empirical 
data on the toxicity of actual sediments and water from the site.  EPA should not reduce the 
amount of dredging without conducting a full assessment of the risks posed by chemical 
mixtures.   
 



The proposed ESD also would not address co-located COCs in the same fashion as in the 
ROD, which assumed that removing the COCs (individually or collectively) would reduce 
concentrations and exposure to other COCs.  Weakening the cleanup standards and remedial 
action levels based on a certain type of risk from one contaminant removes one thread, but 
removing that thread unravels EPA’s interwoven approach.  Specifically, more PCBs, dioxins, 
metals, other organics, would be left in place by not removing sediments that are contaminated 
with PAHs.  Before weakening the cPAH cleanup standards and remedial action levels, EPA 
must determine whether other contaminants of concern should be the drivers for cleaning up 
specific areas where cPAHs had been the driver.  Appendix 11.   



 
 











U.S. Environmental Protection Agency 
Portland Harbor Superfund Comments 
December 21, 2018 
Page 19 
 



C. EPA Has Not Addressed The Critiques Of The Scientific Methodologies 
Underlying The PRP’s Lobbying For Weaker Remedial Action Levels.  



NW Natural deviated from EPA’s methodology and offered its own novel approach in 
arguing that the remedial action levels for the nearshore area and navigation channel should be 
weakened.  Both the 5 Tribes (Appendix A8) and Yakama (Appendix A11) took issue with NW 
Natural’s proposal to weaken the cPAH RALs for sediments.  NW Natural used two approaches: 
(1) a proportional adjustment approach; and (2) a risk reduction approach.  The Tribes pointed 
out that both are inconsistent with the approach EPA used in the ROD, surface weighted average 
concentration reductions.  They go onto to say it may not be appropriate to adjust the RALs 
based on a direct relationship with CULs.  The proposed ESD is silent as to this critique.  EPA 
appears to have used NW Natural’s approach without subjecting it to scientific review or 
scrutiny.   



 
Weakening the cleanup standards and remedial action levels is indefensible for another 



reason.  EPA is averaging contamination across the site, yet certain areas like Gasco and 
Terminal 4 are hot spots that should be addressed as if each were a Superfund site on its own, 
given the contamination and pathways for human exposure and environmental migration and 
recontamination.  Table 3 to the Proposed ESD documents enormous increases in both cancer 
risks and other health risks to children and infants at these sites under the proposed ESD.  And 
EPA acknowledges, “[a]n increase in PAH loading to surface water is happening downstream of 
RM 6.3” where Gasco is located.  EPA Community Information Session, at 19. 



 
D. EPA Must Ensure the Environment is Protected. 



The new IRIS assessment addressed one type of health effect, cancer.  EPA must ensure 
that cleanup standards are adequate to protect the environment.  EPA appropriately rejected NW 
Natural’s lobbying to weaken the cleanup standards for the navigation channel because doing so 
would leave unquestionably unacceptable ecological risks.  EPA Community Information 
Session, at 25-26.  
 



The toxicity of BaP and other PAHs to ecological endpoints is unaffected by any change 
in predicted carcinogenicity in humans expressed in the IRIS report.  Surface water, 
groundwater, and aquatic life would be less protected by the proposed ESD. EPA has failed to 
justify subjecting ecological resources, including fish, birds, benthic invertebrates and other 
animals, to greater risks.  Nor has it assessed the full spatial and temporal extent of more severe 
contamination over time.  
 



E. EPA Must Ensure the Cleanup of Gasco and Terminal 4 Proceeds Expeditiously 
and Will Be Protective of Public Health and the Environment.   



There are known, multiple, co-occurring contaminants at the Gasco site and Terminal 
4.  EPA has not examined the combination of PAHs and other contaminants at these sites.  It has 
weakened the triggers for dredging across the Superfund site in a way that will reduce the 
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amount of dredging that will occur at Gasco and Terminal 4.  Since dredging is the only effective 
and permanent long-term treatment in the ROD, EPA is endorsing an approach that would 
lengthen the time the fish would be unsafe to eat and it would be relying on fish advisories, 
which are notoriously ineffective, to prevent people from being at risk of unacceptable health 
effects.  EPA should not delay or weaken the cleanup of these two sites. 
 



The ROD selected the cleanup remedy based on an integrated consideration of all of the 
Superfund factors.  It was a holistic inquiry.  Now EPA is proposing to dismantle it based on a 
piecemeal analysis of one new study.  EPA needs to balance all the factors that go into selecting 
a remedy with the changes to toxicity of cPAHs being only one factor.  Gasco would be 
particularly affected by the proposed changes.  When EPA breaks down the changes in health 
risks by river mile, it becomes apparent that the risks around the Gasco site would increase 
substantially, for some indicators twofold.  This could have an oversized impact on the total 
remedy because Gasco is not conductive to natural recovery and the orientation of the site makes 
it susceptible to scouring.  This could move the contamination around and lead to 
recontamination.   
 



F. EPA Failed To Consider The Impact Of Climate Change And Earthquakes, And 
Whether These Risks Warranted A More Protective Cleanup. 



In the original ROD, EPA found that climate change would impact the Willamette River 
by increasing winter flow, decreasing summer flow, reducing snow slow packs and earlier peak 
flows in the Willamette River.  Portland Harbor ROD at 127.  Thus, EPA determined that “more 
high flow events are expected.”  Id.  EPA also considered climate change impacts as a factor 
supporting the agency’s decision to dredge contaminated sediments.  Id. at 108.  Specifically, 
EPA emphasized that “avoiding or minimizing impacts to the aquatic environment and floodway 
need to be considered and evaluated to meet CWA (Section 404) and federal floodway 
requirements as well as climate change impacts.”  Id.   



In addition to increasing the frequency of high flow events, climate change will also 
impact the survival of migratory fish including salmon in the Columbia River and Willamette 
River basins.  U.S. Global Change Research Program, “Chapter 24: Northwest,” Fourth National 
Climate Assessment (2017), https://nca2018.globalchange.gov/chapter/24/.  Reduced populations 
of salmon and other anadromous fish may cause local communities and Tribes to rely on resident 
fish and shellfish for a greater part of their diet.  Moreover, increased stress to ecological systems 
from climate change including warming river temperatures, changes in flow and sediment 
transport, may require EPA to adopt more protective cleanup standards to support ecosystem 
resiliency.  See id. (discussing cumulative stressors to aquatic ecosystems from climate change).  
EPA should be protecting against these climate vulnerabilities by strengthening cleanup 
standards, not weakening them.   



EPA also failed to consider the impact earthquakes could have on cleanup.  The Oregon 
Coast and the Portland Harbor have high seismicity risks.  Or. Dep’t of Geology, Earthquake 
Risk Study for Oregon’s Critical Energy Infrastructure Hub at 39-56 (Aug. 2012), 





https://nca2018.globalchange.gov/chapter/24/
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https://www.oregongeology.org/earthquakes/CEI-Hub-report.pdf.  An earthquake could cause 
slope failure along the Willamette River.  Id. at 56.  This could mobilize additional contaminants 
into the river, setting back cleanup efforts. 



The Proposed ESD would weaken the ROD without considering climate change and 
earthquake impacts of reducing the amount of active remediation dredging.  By reducing the area 
dredged, without considering the impacts of climate change or the risks of earthquakes, EPA 
violated its own procedures and placed the public at greater risk of exposure to hazardous 
contaminants.  Guidance for EPA’s Office of Solid Waste and Emergency Response 
(“OSWER”), which coordinates Superfund cleanups, noted that climate change may “impact 
continued remedy effectiveness” and recommended that “risk factors and rankings for risk-based 
cleanup strategies may need to be reassessed based on changing conditions.”  OSWER, Climate 
Change Adaption Implementation Plan, at Table 1 (June 2014), https://www.epa.gov/ 
sites/production/files/2018-08/documents/oswer-climate-change-adaptation-plan.pdf.  The report 
also noted that climate vulnerability includes “changes in frequency and intensity [of climate 
events] that may impact remedy effectiveness.”  Id.  The risks posed by climate change like 
increased scour and mobilization of contaminated sediments in flood events must be considered 
when determining whether to remediate using dredging.    



G. The Scientific Issues are Complex and Warrant a Fuller Review as Part of the 
Five-Year Review 



The Portland Harbor ROD provided for 5-year reviews in perpetuity to assess whether 
the cleanup needs to be strengthened.  The five-year reviews were compelled because the 
selected remedy will leave contamination in place above levels that allow unlimited use and 
unrestricted exposure.   



 
Now EPA is proposing to weaken the ROD based on new risk information on a single 



contaminant.  EPA has not obtained any monitoring to assess whether its assumptions underlying 
the ROD were accurate, nor has it included in its assessment a renewed holistic assessment of 
whether the cleanup will afford adequate protections to the people at risk.  It is rushing to 
judgment based on limited information and a truncated assessment that fails to consider EPA’s 
obligations under CERCLA to protect health and the environment and to favor permanent and 
effective remedies.  It must slow down, collect relevant information, and fully assess the 
ramifications of any aspect of the proposed changes in a transparent and participatory process.  
 



CONCLUSION 



EPA should not finalize the proposed ESD.  Instead, it should conduct monitoring, collect 
data, and conduct and obtain objective reviews of the relative carcinogenicity of the PAHs and of 
PAH mixtures.  It must assess whether other contaminants of concerns and risks warrant 
additional remediation if the cPAH cleanup levels were weakened.  It should also conduct an 
environmental justice assessment that investigates how communities of color and low-income 
communities would be affected by any weakening of the cleanup standards.  This assessment 
should disclose how long fish advisories and beach closures would need to be in place and what 





https://www.epa.gov/%20sites/production/files/2018-08/documents/oswer-climate-change-adaptation-plan.pdf


https://www.epa.gov/%20sites/production/files/2018-08/documents/oswer-climate-change-adaptation-plan.pdf
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level of consumption of fish and shellfish would be safe and when.  Only after a thorough and 
transparent examination of these scientific and environmental justice issues and analysis of the 
information obtained for the five-year review should EPA consider making any significant 
changes to the cleanup.    



 
In the meantime, EPA should not tolerate any further delay of the cleanup.  EPA assured 



the public that “once a ROD is signed for the Site, EPA will move quickly to initiate next steps 
with the PRPs toward remedial design and cleanup.”  EPA Responsiveness Summary Report at 
2-10.  EPA agreed that areas providing “recreation, fishing or other public uses, including high-
use areas” should be prioritized for cleanup to limit human exposure “as quickly as possible[.]”  
Id. at 4-4.  Delaying cleanup to lower cleanup standards and reduce the scope of the cleanup runs 
against the Superfund’s polluter pays principle and over-arching goal of protecting health and the 
environment.  EPA should move forward expeditiously with the cleanup to reduce the extreme 
risks posed to people and the environment from continued exposure to hazardous chemicals at 
Portland Harbor.   
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A City's Lifeblood
As e�orts to clean up Portland Harbor begin, the communities most



a�ected by pollution see a chance to reconnect to the Willamette River.



David Falconer



By Julia Rosen



August 22, 2017
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Environment (/tag/environment/)
Place (/tag/place/)
Power (/tag/power/)
Race (/tag/race/)
Public Policy (/tag/public-policy/)



When Wilma Alcock was young, she fished the Willamette River nearly every weekend. Her
favorite spot was Mock’s Bottom—a crescent of land that lies at the base of the steep bluffs
along Willamette Boulevard. It has since been swallowed up by the Swan Island Industrial
Park, but back then it was just marshy riverbank.



On warm summer evenings and crisp fall days, Alcock clambered down to the water to dip her
line in the lazy current. She caught bluegills, ring-tail perch, and crappie—a tasty black and
white speckled sunfish. “We used to catch them plentiful,” Alcock recalls. Now seventy-nine
and retired after a career in nursing and childcare, she has an infectious laugh, short white
hair, and smooth skin that belies her age.



Alcock grew up fishing, like many people of her generation in Portland’s African American
community. She learned from her father, who always called her Bill. “You know, Wilma,
William, Bill,” she explains. She got a cane pole at age eight and baited her first worm not long
after. That’s when, she says, the “first little bit of callousness” came into her life. She knew how
to cast by ten and has fished ever since. 
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But Alcock stopped fishing the Willamette in the 1970s. Part of the reason was that she was
busy raising her four children. But it was also because the river had become so polluted that
her catch was visibly unhealthy. “You didn’t need nobody to tell you not to eat the fish,” Alcock
says. 



Signs warning against eating fish from the Willamette eventually went up in 2004, four years
after the Environmental Protection Agency declared the Portland Harbor a federal Superfund
site—a ten-mile reach from the Broadway Bridge to Sauvie Island. While salmon and other
migratory fish are safe to eat, the Oregon Health Authority advises healthy adults to eat a
maximum of one meal of resident fish per month. For children and pregnant or nursing
women, that number is zero. 



The EPA has now released a plan to clean up the river after sixteen years of environmental
studies. Three million cubic yards of contaminated sediments will be dredged from the river
and more will be either removed from the banks or sealed in place. The cleanup will take
thirteen years and cost polluters at least a billion dollars, but it will make the fish safer to eat
and hasten the recovery of the river’s ecosystem.



Environmental justice advocates also see the cleanup effort as an opportunity to do right by
those who have suffered the most from the pollution. Although the contamination has
affected everyone who uses the Willamette, the impacts have fallen disproportionately on
those who tend to fish the most: tribal members, people of color, low-income residents, and
those from other marginalized groups who rely on the river for food.



Organizations like the Portland Harbor Community Coalition, an alliance of individuals and
associations representing Native American, African American, immigrant, refugee, and
homeless communities, are trying to ensure that people from impacted groups get access to
jobs associated with the billion-dollar project. They also want community members to have a
role in monitoring progress and deciding how riverfront real estate should be used after it’s
restored. 



 “We have a chance to actually do something different here,” says Donovan Smith, an African
American artist and journalist who serves as PHCC’s media coordinator. (Smith is also a
contributor to Oregon Humanities' This Land project. (http://oregonhumanities.org/this-
land/stories/the-numbers/))



Many in Portland’s Black community say the cleanup offers a way to reclaim a connection to
the Willamette River. That connection began with World War II shipyards and continued over
decades spent living along the water and fishing. But the bond suffered as pollution made the
fish unsafe and economic changes pushed many African Americans out of neighborhoods
near the river. Many say the connection has been lost.



“It all kind of just blends together with all the displacement, the gentrification,” says Alcock, a
PHCC member with deep ties to the river. “All of it is just one big old ball.”



 



Because of its rivers, the Portland area has always been an appealing place to live, first to the
Chinookan peoples who called the region home for millennia, and later to the settlers who
began flocking to Oregon in the 1830s. Portland was incorporated in 1851, and local Native
Americans were removed to reservations in 1856. The young city grew up around the
Willamette. The industries along the river’s shores quickly became the city’s beating heart, the
current its lifeblood. For the next 150 years, the working river generated both prosperity and
pollution—though neither would flow equitably to all of Portland’s residents.



At first, the Willamette carried mighty logs, some wider than a person is tall, often strung
together in giant floating rafts. Portland’s mills turned them into lumber, furniture, and paper.
By 1910, Portland had also become the largest wheat port in the country. Then, during World
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War II, its docks became wombs of the war machine. In total, local shipbuilders assembled
more than a thousand transport ships and tankers.



Newcomers flooded in to work in the shipyards between 1942 and 1945, including an
estimated 20,000 African Americans. The city grew by a third and Portland's Black
population increased ten-fold.



Alcock’s family was part of this great migration, coming by train from Oklahoma when she
was just five. Both of her parents found work at the Swan Island shipyard, one of three in the
Portland area owned by the industrialist Henry Kaiser. 



But Portland’s white majority didn’t make the new residents feel welcomed. Until 1926,
Oregon’s constitution prohibited Blacks from residing or owning property in the state, and
racist policies remained widespread. When Alcock’s family first moved to town, they lived at
the intersection of North Russell and Interstate, in the building that now houses Widmer
Brothers Brewing. Alcock remembers that the tavern on the ground floor did not serve Blacks
—a common practice at the time. “It was quite prejudiced,” she says.



Things weren’t much better in the shipyards themselves. Despite an executive order from
President Roosevelt barring discrimination in defense industries, the trade unions had
tremendous control over hiring practices, which they used to protect white workers, especially
early in the war. According to research by historian Rudy Pearson, African Americans were
excluded from the white unions and frequently could not put their technical skills to use.
Instead, many told stories of being offered the dirtiest, most undesirable jobs, like scraping
rust off the bottom of the boats.



Alcock’s mother, Jessie, started out as a sweeper, cleaning up construction debris, and then
got promoted to a chipper, like Alcock’s father. Chippers used hammers to clean up welded
seams. It was good money, and Alcock’s parents soon saved enough to buy a house on Albina
Avenue. But the work likely took a toll on their health.



Alcock’s father, Leonard, died in 1988 of mesothelioma, a type of cancer linked to asbestos
exposure that often afflicts the lungs. It has affected many people who worked in shipyards
from the 1940s through the 1970s, when asbestos was used for insulating ships. The toxic
combination of asbestos and cigarette smoking also put many shipyard workers at high risk
of developing other kinds of lung diseases.



Alcock says it’s hard to know what caused her father’s case. He also worked other jobs that
could have brought him in contact with asbestos, like coal mining. “He had been exposed so
many times,” she says. “He lived to be pretty old to have had all of that.” But because so many
African Americans worked in the shipyards during World War II, there’s little doubt that it had
an outsized impact on the community at large. Researchers have cited shipyard work as one of
the reasons behind a 63 percent rise in cancer death rates among Black men between 1950
and 1977—nearly three times the increase among white men.



 



The health of the river also suffered amid the frenzy of activity along its banks. In Portland’s
early years, raw sewage and mill waste poured into the Willamette, befouling the water and
killing fish. In the years leading up to the war and the shipbuilding boom, new sources of
industrial pollution added to the mess. Steel fabricators, manufactured gas plants, and the
shipyards themselves released heavy metals, petroleum products, and other contaminants
into the river.



The problem of industrial pollution only grew in later decades, even as city officials worked to
manage wastewater. Ship dismantling and recycling, wood treatment facilities, chemical
plants, and other operations contributed more of the same contaminants, along with other
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pollutants like polychlorinated biphenyls (PCBs), dioxins, and DDT. In all, the EPA has
identified more than 150 potentially responsible parties that, together, released dozens of
unsafe chemicals into the river.



These industrial pollutants pose a threat even in low concentrations and can linger in the
environment for decades.  



Many contaminants have built up in the river sediments, where worms, crustaceans, and
other bottom-dwellers absorb them and pass them up the food chain into birds, fish, and,
finally, people. These chemicals harm wildlife and have been linked to cancer, reproductive
problems, and other health issues in humans. Based on extensive investigations, the EPA
concluded that pollution in the Willamette presents an unacceptable health risk, primarily to
those who consume fish from the river.



For decades, that included many African Americans. “You could go down on Swan Island on
any night of the week and you would find Black men and Black women, grandmothers and
grandfathers down there with their children catching crappie,” says Paul Knauls Jr. 



Knauls is an avid fisherman. He runs Geneva’s salon on Martin Luther King Jr. Boulevard with
his father, Paul Sr., who is known informally as the mayor of Northeast Portland. Knauls says
he, like Alcock and many others, stopped fishing in the Willamette long before the EPA’s
declaration, when the river got so bad that fishermen started to see lesions on the fish. “We
don’t do that anymore,” he says.



Knauls says he feels that the community’s connection to the river has been severed, and it
seems like the break was so clean, many younger people don’t even know about the pollution. 



Cherrell Edwards-El, who was born and raised in North Portland and identifies as Moorish
American, was one of them. “I was totally unaware,” she says. “I was always proud of the fact
that Portland had the river flowing through the city and all these beautiful bridges.”



Edwards-El is a community health worker in her early thirties with an ebullient personality
and young kids of her own. She knew that lots of people used to fish. “So many people in the
community, especially my grandparents’ age, that’s what they did,” she says. She herself has
fond memories of going to Swan Island with her parents to swim and cast a line or two. She
never caught much, although that didn’t matter. “Somehow we always found a little quiet
spot,” she recalls.



But Edwards-El didn’t know about the contamination in the river until a few years ago, when
she saw a documentary made by PHCC. The film featured Wilma Alcock, and her story
resonated with Edwards-El. Her relatives also worked in the shipyards during and after the
war, and several developed lung diseases associated with asbestos. She thought back to her
experiences playing in the river as a child, and of all the people she knew who still fished. 



“It reminded me of that movie, Erin Brockovich,” she says. Ever since, Edwards-El has worked
with PHCC, doing outreach and education. “We need to raise awareness,” she says. “We need
to let people know.”
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Wilma Alcock at a Portland Harbor Community Coalition meeting. Photo by Julia Rosen



Alcock still lives in what used to be the heart of Portland’s African American community,
about a mile from where her parents’ house stood on Albina Avenue, before it was demolished
to make way for the Fremont Bridge. On an overcast June day, her cozy apartment smelled
sweet and fragrant. She had just finished making her specialty: 7-Up cake. Tired from the
morning’s work, she settled back onto her green chenille sofa. Beside her, on an end table, sat
an ornate vase bearing an engraved scene of a fisherman walking along a stream, pole slung
over his shoulder.



Alcock says her own rock-hopping days are behind her, and most of her fishing buddies have
passed on now. But her memories of the Willamette River remain powerful, in part because
they are woven into the ongoing story of Portland’s development and its impacts on the
African American community. The Willamette isn’t the first waterway she’s had to abandon
because of pollution.



Before Alcock fished in the Willamette, she and her father frequented the Columbia Slough.
The slough is a narrow thread of water running through North Portland from Gresham to
Kelly Point. But by the 1950s, the Alcocks abandoned the slough as sewage and industrial
runoff transformed it into a festering ditch. Alcock remembers how, every day, at a certain
time, a slaughterhouse would dump bloody waste directly into the water. The slough was later
found to have high levels of PCBs and other harmful chemicals as well. 



Historian Ellen Stroud has written that the pollution of the slough reveals a story of
environmental racism. North Portland has been associated with African Americans since
Henry Kaiser built Vanport, a housing development for his shipyard workers, along the
Columbia’s southern bank. From 1942 until 1948, when it was destroyed in a catastrophic
flood, Vanport housed the majority of Portland’s Black population. 



That association, Stroud writes, seems to have contributed to the decision to sacrifice North
Portland—and the slough—to industry. North Portland also housed the city’s primary garbage
dump from 1940 to 1991, and has long suffered from poor air quality. 



“Whenever you look at where those toxic substances and hazardous substances lodge,” says
Robin Collin, “it inevitably follows color.” Collin is an environmental justice expert and law
professor at Willamette University in Salem. She says this pattern has been documented
repeatedly, and often emerges from the perception that fear and disenfranchisement will keep
communities of color from protesting the pollution.
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However, Stroud notes that North Portland’s reputation as a minority neighborhood wasn’t
accurate until well after the Slough became polluted. Redlining forced most African
Americans displaced by the Vanport flood to crowd into the Albina neighborhood on the east
bank of the Willamette. Many people of color only started moving north later, in the 1960s
and ’70s, as “urban renewal” projects such as the construction of the Memorial Coliseum and
the I-5 freeway again displaced Black residents from Albina and the surrounding area. 



Alcock’s parents were among them. They settled in the North Portland peninsula because of
the decent, affordable housing—housing that existed, Stroud writes, in part because the area
was so polluted. (In the 1990s, activists successfully pushed the city to start cleaning up the
slough.)



An upside of living in North Portland was that it offered easy access to the Willamette, which
remained significantly cleaner than the slough. Alcock says many African Americans
continued to fish at Swan Island and explored more northerly spots, like Sauvie Island and
Cathedral Park in St. Johns. At least, until the effects of pollution became obvious in the
Willamette too. And until another wave of growth and gentrification began displacing African
Americans and other people of color yet again, this time to Gresham and East Portland. 



Many African Americans say they are now cut off from the river not just by the pollution, but
by physical distance too. For Alcock, it’s almost too much to bear. “I went through all the
feelings of loss,” she says. “I was hurt, angry, the whole nine yards.”



The Portland Harbor cleanup won’t turn back time, but it may offer a first step toward making
amends. For Alcock, it starts with recognizing the impacts. 



“Just acknowledging that when something is bad, we are going to feel it worse,” she says. “Just
acknowledging that you’ve been moving us around like we’re pawns.”



 



On a recent Monday evening, Alcock, Edwards-El, and two dozen other members of the
Portland Harbor Community Coalition gathered inside a spacious room on North
Killingsworth. At the meeting, there was pizza and 7-Up cake for all, a babysitter, and a
translator, who spoke softly into a microphone connected to headsets for three participants
from Mexico and Central America. 



PHCC formed in 2013, several years before the EPA announced the cleanup plan. Then, the
coalition’s primary purpose was to educate members of impacted communities about the state
of the river and aid them in navigating the byzantine Superfund process. They helped
members submit input and prodded the city to distribute $50,000 in grant funding to
community groups to conduct culturally appropriate outreach in the final months of the
public comment period. Donovan Smith has also been collecting stories of people’s
connections to the river.



Now that the cleanup plan has been finalized, however, the coalition is shifting focus. How to
do that was the subject of this meeting. Cassie Cohen founded and helps lead the coalition,
walked around the room passing out fliers outlining the PHCC’s Strategic Plan. Chief among
the group’s goals are ensuring that community members get jobs—and any necessary training
—associated with the cleanup. That way, they can benefit from the billion dollars that
polluters will spend cleaning up the river over the next decade.



The coalition’s first step has been to reach out to elected officials. The week before, Cohen and
another PHCC member, Ranfis Villatoro, drove to Salem to talk with state lawmakers about
adding language encouraging community involvement to a senate bill that would provide
funds for the initial stages of sampling and cleanup. On July 7, the bill passed, including the
new language and allocating $3 million for the Superfund site.
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But the ultimate plan is to craft a Community Benefits Agreement—a contract mandating that
the responsible parties, who will pay for and carry out the cleanup under the EPA’s
supervision, meet community standards for equitable hiring, river access, development, and
other concerns. CBAs have been used before for cleanup and development projects across the
country, and Villatoro is drafting a wide-ranging version for the Superfund project.



The biggest challenge PHCC faces is that the companies who have to clean up the river do not
have to sign on to such an agreement. The EPA can promote participation, but can’t require it.
However, officials with the City of Portland, which will help oversee the cleanup and must also
mop up its own historical messes, have said they share PHCC’s goal of prioritizing impacted
communities.



“For too long, low-income communities and people of color have disproportionately borne the
burden of pollution,”  City Commissioner Nick Fish, who leads the Bureau of Environmental
Services, wrote in an email. “Now we have a chance to demonstrate what environmental
justice looks like.” 



City officials haven’t yet agreed to a Community Benefits Agreement, but remain open to any
vehicle that helps promote local jobs. Advocates hope that if the city and a few public utilities
sign on to a CBA, it might generate momentum to bring other polluters on board too.



But some are skeptical that African Americans will see benefits from the cleanup. Knauls, of
Geneva’s salon, says, “those dollars aren’t going to funnel into this community. They never do
and they never will.” He cites the lack of jobs for African American workers in the
construction boom happening now in Portland’s historically Black neighborhoods. “You don’t
see any Black folks around here,” he says. “You just don’t.”



Others see practical challenges. Paul Brown is a local African American entrepreneur and
developer who has worked on a few early cleanup projects within the Superfund site. (He has
also, over the years, been a tugboat deckhand, a boxing promoter, and a mortician.) “There’s a
process you have to go through to be a part of that $1.2 billion,” he says. Community groups
have to figure out how to apply pressure to businesses, and understand how they award
cleanup contracts, he says.  “There’s so much you have to learn that’s not talked about at the
meetings.”



There’s also the possibility that the Trump administration could cause the effort to stall.
Although EPA Administrator Scott Pruitt has voiced support for the Superfund program, the
president’s proposed budget calls for slashing its funding by 25 percent. In another blow to
groups like the PHCC, Mustafa Ali, who founded the EPA’s Office of Environmental Justice,
resigned in protest earlier this year after a leaked memo revealed that the administration
planned to defund the department completely.  



But city and state officials appear determined to push forward with the cleanup no matter
what. And Cherrell Edwards-El says the African American community should aim for more
than just jobs. “That’s a great start, but we need much more,” she says. She wants to see
affordable housing and development that allows access to the water. 



For Edwards-El, it’s about reestablishing a connection to the river that once meant a great deal
to her community. “It’s a recurring thing that happens that whatever we claim or connect with
is snatched away,” she says. “It’s almost like we have to get in people’s faces and remind them:
this is our river too.”



Julia Rosen is a freelance journalist in Portland.
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U.S. EPA Administrator Gina McCarthy 
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City of Portland Mayor Charlie Hales 



City of Portland Commissioner Nick Fish 
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Subject:​ Portland Harbor Community Coalition (PHCC) Public Comment on the Portland Harbor 



Superfund Site Proposed Cleanup Plan 



  



 



 



 











 



September 6, 2016 



 



 Dear Ms. McCarthy and Mr. McLerran: 



 



We are the Portland Harbor Community Coalition (PHCC), an alliance of over a dozen member 



organizations and supporting groups. We represent those most impacted by contamination in the 



Portland Harbor Superfund site: Native people, Blacks/African Americans, immigrants and refugees, 



people experiencing houselessness/homelessness, and working­class Portlanders of all races and 



ethnicities. 



 



The ways that our people have been impacted by Portland harbor pollution are varied and complex, 



but must be understood by EPA in order to make an informed decision that fulfills its ethical and legal 



responsibilities. Some of these groups and the impacts they suffer include (but are not limited to): 



       



● First Nations​:​ Northwest Native peoples have inhabited lands along the Willamette River since 



time immemorial, subsisting off of the fish, water, and land. Native people were able to 



sustain their villages and trade with other tribes in large part due to the salmon, lamprey, 



camas, wapato, and other foods that lived in abundance in and around the Portland Harbor. 



Today, industrial pollution in the Portland Harbor has disrupted those food sources, and 



severely compromises the health, livelihood, and culture of Native people who live and travel 



throughout the Columbia River Basin. Thousands of Native people from the Columbia River 



Basin Tribes still consume fish from the Portland Harbor and nearby waterways ­ and they do 



so with far greater frequency than non­Native people (58.7 grams per day, versus an 



estimated national average of 6.5 grams per day). In other words, Native adults of this area 



consume approximately nine times more fish than the national average. As noted by the 



Columbia River Intertribal Fish Commission, this “seriously calls into question the applicability 



and adequacy of using a national fish consumption rate to protect tribal members’ health” 



(Columbia River Inter­Tribal Fish Commission (1994) ​A Fish Consumption Survey of the 



Umatilla, Nez Perce, Yakama, and Warm Springs Tribes of the Columbia River Basin​ ). In 



recognition of this reality, as well as the fundamental right of tribal members to eat healthy 



fish, the states of both Washington and Oregon have adopted the more realistic fish 



consumption rate of 175 grams per day. As both states move into compliance with these new 



water quality rules to protect the fishing public (both native and non­native), EPA must ensure 



that its approach to harbor pollution is in alignment with those goals, and does not create 



backsliding. The PHCC believes that treaty rights extend to all tribal members, including those 



in the urban environment, who have been particularly impacted by harbor pollution. For 



instance, among the 12,000 member Turtle Mountain Tribe of North Dakota, fully half joined 



the war effort during World War II and went to work in Portland at Kaiser Industries near 



Vanport. Kaiser’s current status as a Potentially Responsible Party underscores the importance 



of EPA’s engagement with urban Native Americans, both to fully understand historic sources 



of contamination and to provide better remedies for groups who have suffered from multiple, 



inter­generational impacts from harbor pollution, whether that came from air, water, river 



food, or on­the­job exposure. Substantial reductions to toxic off­loading on traditional foods 











 



like salmon, wapato and lamprey must be prioritized  in any local clean­up plan if EPA expects 



to win community approval. Without such a focus, Native Americans will continue to suffer an 



unfair toxic burden from Portland Harbor pollution, as well as disproportionate health impacts 



that accompany the loss of their traditional foods. 



 



● Black/African Americans​:​ Black/African Americans first arrived in Portland in large numbers to 



work in the shipyards during World War II. Many fished in the Portland Harbor, and continue 



to fish there, eating contaminated fish, including carp and catfish. Black/African American 



shipyard workers were also exposed to toxic substances such PCBs, lead, and asbestos in the 



shipyards and toxic air in nearby neighborhoods. They were also prohibited from joining the 



Boilermakers Union. At the same time, workers and their families were forced to live in 



segregated neighborhoods for decades where they suffered disproportionately from 



harbor­related air pollution, and have since suffered (and continue to suffer) from the impacts 



of serial displacement ­ often to areas near brownfields  ­ as the city has grown and changed. 



We are recommending several measures to ensure that the Portland Harbor cleanup does not 



contribute to the displacement and continued health disparities of Black/African Americans, 



and instead contributes to this group’s prosperity. 



 



● Immigrants and Refugees​:​ Many people, especially Eastern European, Asian, and Latino 



immigrants and refugees subsist on resident fish from the Portland Harbor and are exposed to 



health risks from the contaminants in these fish. Families often depend on fish for protein, 



and view fishing as a continuation of their cultural traditions. Many people lack information 



about the dangers of consuming fish from the river, and others are aware of risks but are food 



insecure and have few other options. In 2011, out of a telephone survey of licensed anglers, it 



was estimated that about 7,800 people consume resident fish (catfish, bass, carp, etc.) from 



the Portland Harbor (and that 142,000 consume any fish ­ including non­resident fish). It was 



also estimated that 1,789 children consume resident fish. Those ~800 people who reported 



consuming the ​most​ resident fish eat about a serving a week ­ far more than the 



recommended amount. Licensed anglers with the most people reporting resident fish 



consumption were Eastern Europeans ­ 38% reported resident fish consumption. This survey 



does NOT account for NON­licensed anglers. It is estimated that about 13.5% of those fishing 



in the Portland Harbor do not have licenses. Many of those fishing without licenses are likely 



part of immigrant and refugee groups who fish for subsistence and cultural reasons (Sundling, 



D. and Buck, S. (2012) ​Fish Consumption in the Portland Harbor​ ). These communities are 



dependent on fishing, and deserve to eat fish free of toxic substances.  Some travel 40 miles 



from Woodburn, OR to catch fish to feed entire families, including small children and pregnant 



or nursing mothers. 



 



● People Experiencing Houselessness​:​ Hundreds of houseless people call the Portland Harbor 
home, particularly in the wake of the current housing crisis that has left many Portlanders 



without permanent and affordable shelter. Ongoing sweeps of homeless camps in inner 



Portland neighborhoods, including along Johnson Creek, also push people toward the 



waterfront, and onto contaminated beaches. People survive by fishing in the river, which 











 



continues to expose them to dangerous contaminants and serious health risks. People who 



live along the river are also exposed to toxic substances such as lead, PCBs, and dioxins in the 



soil. And as the cleanup begins, they are at risk of being displaced again. Moreover, without 



substantial anti​­displacement provisions (e.g. community benefits agreements, affordable 



housing construction, etc.), the cleanup and redevelopment of the waterfront will place low 



and moderate income residents in adjacent neighborhoods at further risk of displacement, 



and perhaps even exclude them from living near the river. EPA must provide strong 



anti­displacement measures to prevent disproportionate impacts on both the housed and 



houseless population ­ the latter is a population that is already experiencing significant 



psychological trauma, and that bears a disproportionate impact of river pollution due to its 



unavoidable reliance on both resident fish and basic human shelter along the waterfront. 



Anti­displacement provisions are now legally required in Portland’s new Comprehensive Plan, 



which will take effect January 1, 2018; it is therefore very important that the EPA align its 



Record of Decision (ROD) with these laws. 



 



Many people fall into more than one of these groups. Many members of these groups have also 



endured exploitation, oppression, and health disparities from living in other geographic areas, and for 



reasons that do not originate with Portland Harbor pollution. In other words, many of our people face 



cumulative and intergenerational impacts from Portland Harbor pollution, and some of these harms 



are compounding pre­existing harms. Decades and centuries of displacement away from the harbor 



area also means that impacted communities cannot be easily mapped and tracked, which means not 



all impacts can be measured. Furthermore, for reasons outlined above ­­ including economic necessity 



and cultural tradition, signs warning people of the dangers of eating contaminated fish do little to 



prevent people from consuming fish. Posting signs warning of fishing and fish consumption risks has 



proven ​not​  to be an effective solution to protect the health of people at risk of exposure to PCBs and 



other contaminants in the fish. They also do nothing to redress the damage that has been caused by 



over a century of pollution in the harbor.  



 



This is why we are calling on the EPA to craft a Record of Decision that does far more to protect our 



communities than the current Proposed Cleanup Plan. The current Plan relies on monitored natural 



recovery and capping to remediate the vast majority of contaminants in the harbor. This Plan will do 



very little to alleviate the need for ongoing health advisories in the Portland Harbor, and therefore 



fails the communities who are most harmed by harbor pollution. For this reason, we absolutely 



cannot support EPA’s proposed plan. It is also our position that EPA’s Proposed Plan violates several 



of its own evaluation criteria, including but not limited to: #1 ­ Overall protection of human health and 



the environment, #3 ­ Long­term effectiveness and permanence, #4 ­ Reduction of toxicity, mobility, 



or volume through treatment, and especially #5 ­ Short­term effectiveness (the plan relies excessively 



on Monitored Natural Recovery ­ a long­term game of ‘wait and see’) and #8 ­ Community 



acceptance. This final criteria is addressed in the following section. 



 



Impacted Communities Do Not Accept the Proposed Plan 



 











 



We are not aware of any environmental, social justice, or grassroots organization that is in support of 



the EPA’s proposed plan. We are not aware of any Treaty Tribe that is in support of the EPA’s 



proposed plan. We are not aware of any entity supporting EPA’s plan that is not itself a Potentially 



Responsible Party. 



 



When evaluating community acceptance, EPA must do more than invoke the concept of the 



community, or ‘the public’. It must acknowledge that the community most affected by toxic 



contamination is the most important voice when judging the adequacy of a remedy, as it has suffered 



the most serious harm. This harm is not at all comparable to the financial cost that is properly borne 



by PRPs; this recognition was part of the original understanding of CERCLA, and is embodied in the 



very name “Superfund”, which presumed polluters would pay in advance, and would pay the full cost 



of their pollution to maintain a healthy environment. 



 



It is in this light that we must condemn the extremely short, highly inadequate, and improperly 



managed public process surrounding this Proposed Plan. After nearly 16 years of intense negotiations 



between the EPA and the PRPs, the public has been rushed through a very hasty process that has 



included failure by EPA to translate key documents, failure to maintain a functioning email account to 



receive public comments, poorly publicized hearings that convey information in an overly technical 



manner, and are therefore not accessible to average attendees (let alone those most impacted, some 



examples of which are listed above), and refusal to grant reasonable extensions to the comment 



period. Between the winter of 2015 and the release of the proposed plan this summer, EPA also made 



a very sudden shift from preferring Alternative G to preferring Alternative I. This change was made 



without adequate consultation with the groups most affected by harbor pollution, and EPA’s 



reasoning for this shift in priorities has still not been articulated. All of the issues just listed have been 



informed by an unrealistic timeline for a ROD. Peter deFur, the technical Superfund Advisor retained 



by the Community Advisory Group, told the public that for the EPA to reach a ROD by the end of the 



year, they will have to work in record time once the comment period ends, and that, more likely than 



not, ​the ROD has already been written​ .  



 



This ROD timeline and its technical requirements, combined with the procedural failures outlined 



above, create serious doubt that what we have witnessed over the last few months was a meaningful 



public process. On July 19th, we requested that the EPA add an additional 30 days to the comment 



period so that our coalition partners would be afforded more time to work within their communities 



in light of these challenges, and in light of the complexity and size of the site. Due to many factors, 



including those listed above , and due in part to EPA’s refusal to meet our prior request for a 



reasonable extension to the public comment period, we now believe that EPA’s handling of this public 



comment period may violate Title VI of the Civil Rights Act, and are hereby requesting an additional 



120 days to the present comment period so that the EPA can investigate its own Title VI compliance 



on the Portland Harbor Superfund Site. EPA should also be aware that PHCC will likely submit a formal 



Title VI complaint with the City of Portland for reasons that relate specifically to the city. 



 



We are now standing together to call on the EPA to uphold our constitutional rights, our civil rights, 



and our fundamental human right to a clean environment. We also implore the EPA to honor the 











 



federal government’s treaties with tribal nations. The current proposed plan violates all of the above. 



This plan violates our civil rights by outright ignoring the needs and perspectives of those who have 



suffered most from environmental injustices, including, but not limited to, exposure to contaminants 



through fish consumption. This plan violates treaty rights by removing very little contaminated 



sediment, and by effectively relying on a perpetual health advisory for Portland Harbor fish. This 



means that fish are unsafe for Tribal members and others to consume, especially women of 



childbearing age, as well as pregnant women and nursing mothers, whose babies will experience 



neurological and developmental damage if they consume fish affected by harbor pollution. 



 



Executive Order 12898 mandates that all federally funded projects overtly address environmental 



justice issues. This plan does not do that.  We also note that the baseline studies of the Portland 



Harbor did not include an Environmental Justice analysis, unlike the Duwamish Superfund cleanup 



plan. This is an unacceptable oversight. 



 



Instead of the current proposed plan ­ Alternative I ­ we call on the EPA to craft a ROD that will lift all 



fish consumption advisories in the Portland Harbor, in alignment with a modified, enhanced variation 



on Option G. We make this request in solidarity with the Yakama Nation, the Portland Harbor 



Community Advisory Group, and other concerned groups, and insist that this outcome must be 



guaranteed in the EPA’s ROD. We also call on the EPA to require the most effective cleanup 



technologies available, regardless of cost, and to fully clean up the Portland Harbor in a way that does 



no harm to, and provides maximum recovery for, the Pacific lamprey. 



 



Scientific evidence suggests that Pacific lamprey, which have been in existence for over 500 million 



years, are one of the foundational species of the Columbia basin, and that the potential loss of Pacific 



lamprey in the Columbia basin threatens the basin’s ecological integrity. Already functionally extinct 



in much of their former range, one of the only places one can still find lamprey in significant numbers 



is at Willamette Falls. To live there, however, lamprey must run a chemical gauntlet through Portland 



Harbor to get to the ocean. In their early life Pacific lamprey live in the river sediment for up to 7 



years, where they are likely ingesting significant amounts of toxic chemicals.  



 



Lamprey is an incredibly important cultural food for Native Americans, and have traditionally provided 



an incredibly important source of nutrition, as they are exceptionally rich in fats (much more so than 



salmon). Due to the loss of lamprey throughout the Columbia Basin, many young tribal members 



today have never even seen a lamprey, and are losing historically important stories and ceremonies 



that are associated with them. We feel this not only presents a disparate impact on their health, but 



also violates their freedom of religious practice. And because of accumulated levels of toxic pollution 



in the Portland Harbor ­­ which EPA’s current proposed plan (Option I) would fundamentally fail to 



address, lamprey are likely absorbing significant levels of contaminants in the Portland Harbor, which 



are likely being passed on to tribal fishing people ­­ some of whom say they can literally taste the 



chemicals in the lamprey. Willamette Falls remains an important tribal harvesting area for lamprey, 



and we feel that EPA’s proposed plan does not do enough to protect and restore their abundance, nor 



does it protect the tribal members who rely on them for cultural, subsistence, and religious purposes. 



Given the critical significance of lamprey as a food source for endangered salmon, and the urgency of 











 



providing for their recovery, we find it non­negotiable that EPA’s ROD provide the strongest possible 



protection for lamprey. We are also particularly concerned that long­term capping will contribute to 



the extinction of lamprey, and feel that EPA did not adequately consider the impact of both 



Monitored Natural Recovery and capping on their habitat. 



 



Finally, as people living in the Portland harbor vicinity, whose lives and livelihoods will be impacted by 



the cleanup ​as well as the redevelopment that occurs following remediation​ , we call upon the EPA to 



ensure that the final ROD includes provisions that guarantee the following outcomes: 



 



● Land: ​Work with impacted communities (see above) to set aside land on or near the river for 



community use. This could support community­controlled habitat restoration, housing, 



gardens, environmental education, and other community­identified and 



community­controlled activities.  



● Healthy Fish: ​Remove ALL highly and moderately contaminated sediments from the river, 



regardless of cost, so that fish are safe for EVERYONE to eat. 



● Housing Justice: ​Give 6 months notice before beginning the cleanup in areas where houseless 



people are living. Provide funds for permanent, affordable housing for anyone displaced by 



cleanup (whether housed or houseless). Institute robust anti­displacement provisions (i.e., as 



outlined in the City of Portland’s Comprehensive Plan) to ensure that low­ and middle­income 



residents have access to permanently affordable housing in nearby neighborhoods. 



● Jobs: ​Train and hire local residents from impacted communities, women, and minority­owned 



firms for long­term, family­wage cleanup jobs. Sign Community Benefit Agreements to ensure 



that benefits accrue to the local community, and to those who have been most impacted by 



river pollution. Pursue a meaningful partnership with local tribal governments. 



● Pollution Controls: ​Include ongoing pollution controls in the final cleanup plan, including from 



upriver sources. Do not allow re­contamination from upland sources. Use EPA enforcement 



authority to clean up major hot spots like Arkema, shut off upland pollution sources, and 



define an appropriate, diminished role for Oregon DEQ during the cleanup process. 



● Air Monitoring: ​During the entire length of cleanup process, require the most effective 



fuel/emissions filters available and ongoing monitoring to minimize exposure for all 



cleanup­related activities, including but not limited to freight, dredging, barges, and other 



equipment. If air toxins are found to exceed acceptable levels, immediately take measures to 



intervene. 



● Water Monitoring: ​During the entire length of the cleanup process, provide rigorous water 



monitoring, and make data available through a public database so that the public is aware of 



pollution levels at various locations, particularly those that are important for recreation and 



fishing access. 



● Public Access​: Increase access to public lands along the river. Prioritize impacted communities 



– including youth – in the design, cleanup, restoration, and development of new sites. 



● Transport & Disposal: ​Ensure the health and safety of people and the environment in the 



transport and disposal of toxic substances. Do NOT store contaminated sediment next to the 



river. Do NOT dispose of contaminated sediment in a way that will negatively impact the 



health of people living or working near the disposal site. Use known best practices to avoid 











 



off­gassing and volatilization of toxic substances, and ensure that all workers are trained in 



these practices. 



● Community Support: ​Establish a fund to assist communities impacted by historic and ongoing 



contamination, as well as cleanup impacts, until fish advisories are lifted. This fund could 



support community health resources for families who have been harmed by harbor pollution, 



and help diagnose and prevent health problems that may be related to the absorption of 



pollutants via fish, riverside food plants, exposure from pollutants from Portland Harbor jobs, 



or use of contaminated beaches.  



● Polluters Pay: ​Ensure that impacted communities (see above) are not burdened by the cost of 



cleanup. Require performance bonds from PRPs to cover these cleanup costs. 



 



While we acknowledge EPA’s position that they have met the minimum legal requirements for public 



outreach, we do not believe EPA has conducted an outreach process that is adequate to address the 



needs of those most impacted. We strongly urge the EPA to take a different approach in crafting the 



ROD, and prioritize environmental justice communities that have been most impacted by the river’s 



pollution, and which have the most to gain, or lose, as the EPA continues to make decisions on our 



behalf. 



 



Thank you. 



 



Portland Harbor Community Coalition Members and Supporters: ​[DRAFT sign­on list – subject to 
change ­ yellow highlight means the group has agreed to sign on to final letter] 



AFSCME Green Caucus 



American Indian Movement ​­ Portland Chapter 
Ancient World Crafts 



Asian Pacific American Network of Oregon ​ 
Audubon Society 



Collective Care Services 



Columbia Riverkeeper 



East European Coalition 



Groundwork Portland 



Iraqi Society of Oregon 



Jamaican Homestyle Cuisine 



Jose Gaustellum Painting 



Lideres Verdes 



Madinah Cafe 



Mattie Khan’s Kitchen 



MBZW Muzak 



Muhammad Study Group of Portland 



Native American Youth and Family Center  



PDX Bubble Boys 



Portland Center for Self Improvement 



Portland Harbor Community Advisory Group  











 



Portland Youth and Elders Council 



Raging Grannies 



ReBuilding Center 



Right 2 Survive 



Right 2 Dream Too 



Screwloose Studios 



SEIU 503, OPEU 



Sierra Club ​­ Oregon Chapter 



Strawberry Pizza Parlor 



The S.O.F. 



Urban League of Portland 



Wisdom of the Elders  



 



Contact: ​pdxharborcommunitycoalition@gmail.com 



 



   



 



 



 



 











ATTACHMENT C 











PETER LEE deFUR 



Curriculum Vitae – July 2015 



Environmental Stewardship Concepts   
1006 Pump Road, Suite 200     
Richmond, VA 23284-3050 
804-741-2922 phone      
804-741-2922 fax      
email: environsc@gmail.com      



EDUCATION: 



Ph.D., Biology, The University of Calgary, Calgary, Alberta, Canada, 1980. 
M.A., Biology, The College of William and Mary, Williamsburg, VA, 1977. 
B.S., Biology, The College of William and Mary, Williamsburg, VA, 1972. 



PROFESSIONAL EXPERIENCE: 



President, Environmental Stewardship Concepts, 1996- present 



Adjunct Associate Professor, Center for Environmental Studies, Virginia Commonwealth Univ., 
Richmond, Va.,  Sept 1995-June 2015 



Senior Consulting Expert to the EPA Superfund National Ombudsman Office, 2000- 2001. 
Adjunct Senior Scientist, Environmental Defense Fund, Washington, DC.1996-1997 
Senior Scientist, Environmental Defense Fund, Washington, DC., 1992-1996 
Scientist, Virginia Office of the Environmental Defense Fund, Richmond, VA. 1990 -1991  
AAAS Environmental Science Fellow, U.S Environmental Protection Agency, Washington, DC. June 



Aug 1989 
Associate Professor, member of the Graduate faculty, Dept Biological Sciences, Southeastern Louisiana 



University, Hammond, LA. Aug 1988 - Dec 1989 
Visiting Investigator, Smithsonian Environmental Research Center, Edgewater,MD July 1987-Aug 1988 
Assistant Professor, member of the Environmental Biology and Public Policy Faculty, Department of 



Biology, George Mason University, Fairfax, VA. September 1981-1988 
Postdoctoral Fellow, Division of Physiology, Faculty of Medicine, University of Calgary, 
 Calgary, Alberta, Canada. Sept 1980 - Aug 1981 
Research Associate, Bamfield Marine Station, Bamfield, British Columbia, Canada. July - August 1980 
Ph.D. Candidate, Department of Biology, The University of Calgary, Calgary, Alberta, Canada. 1977-80 
Graduate Assistant, Dept of Biology, The College of William and Mary, Williamsburg, VA 1975-1977  
Associate Research Scientist, Ecological Analysts, Inc., Baltimore, MD. 1974-1975 
Assistant Research Scientist, Department of Geography and Environmental Engineering, The Johns 
Hopkins University, Baltimore, MD. 1972 - 1974 



PROFESSIONAL ACTIVITIES: 



Mid-Atlantic Fisheries Management Council, Virginia Obligatory appointee 2015-2018 
Associate Editor of Endocrine Disruptors, 2013- present 
Mid-Atlantic Fisheries Management Council, Virginia Obligatory appointee 2009-2012 
Member, NAS/NRC committee on Uranium Mining in Virginia 2010-2011. 
Speaker, EPA Risk Assessment Forum, Integrating Chemical and Non-Chemical Stressors in 



Cumulative Risk Assessment, 2011 
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Member, EPA CADDIS Endocrine Disrupting Pharmaceuticals review panel, 2011 
Chair, Peer Review of EPA Framework for Human Health Risk Assessment to Inform Decision Making,  



2011 
Member, Peer review of EPA Science to Achieve Results (STAR): Water Quality- Coastal and 



Estuarine Processes, 2011 
Member, Peer review of EPA Science to Achieve Results (STAR): Emerging Environmental 



Approaches & Challenges - Social Sciences, 2011 
Chair, Public Affairs Committee of the Society for Integrative and Comparative Biology, 2008-2010 
Chair, Advocacy Committee of the American Lung Association of Virginia, 2007-present 
Member, State Advisory Board for Greenhouse Gases, Virginia Air Pollution Control Board. 2006-2007 
Advocacy Committee, American Lung Association of Virginia, member since 1998 
Member, Environmental Protection Agency SAB review panel on 3 MRA; 2003-2004 
Member, NAS/NRC Panel to Review the Everglades Critical Ecosystems Science Initiative, 2002-2003 
Member, Federal Advisory Committee to EPA: Endocrine Disruptor Methods Validation Subcommittee 



2001-2003 
President, Association for Science in the Public Interest, 1999-2002 
Member, Board of Directors, Science and Environmental Health Network 1996- 2003 
Chair of the Board of Directors, Science and Environmental Health Network, 1998-2000. 
Member, Advisory Committee to the Board of the Coalition to Restore Coastal Louisiana, 2002-2005 
Member, SETAC workshop on Uncertainty in Ecological Risks of Pesticides, February 2002, Pensacola 
Member, NAS/NRC Study Committee on Agricultural Exotic Species, 1999-2001. 
Member, Board of Directors, Coalition to Restore Coastal Louisiana, 1990 - 2001. 
Member, National Academy of Sciences, National Research Council (NAS/NRC) Study Committee on 
  Diisomethyl Propionate, 1999- 2000. 
Member, Chemical Manufacturers Association Technical Implementation Panel on Human Health 
Exposure Assessment, 1999-2000. 
Co-Chair, Peer Review of the EPA Dioxin Reassessment, Washington DC, July 2000. 
Chair, Peer Review of the EPA Ecological Risk Assessment for PCBs in the Hudson River, Mar- June 
2000. 
Scientific chair, Society for Environmental Toxicology and Chemistry (SETAC) workshop on endocrine 



disruptors  in invertebrates, 1997- 1999; workshop December 1998, Amsterdam. 
Chair, Peer Review of EPA (ORD) Risk Characterization Handbook, Washington DC, March 1999. 
Chair, Peer Review of EPA (OWOW) Water Quality Criteria Derivation Methodology for Human 



Health, Alexandria, VA May 1999. 
Peer Reviewer of USDA (ORACBA) programmatic risk assessments, July 1999. 
Chair, Peer Review of EPA (ORD) Research Program for Endocrine Disruptors,  July 1997. 
Member, Peer Review of EPA (ORD) Strategy for Determining Toxic Equivalency Factors for Dioxin 



in Wildlife, Chicago, IL January 1997. 
Member, Endocrine Disruptor Screening and Testing Advisory Committee, official federal advisory 
committee to the EPA, 1996-1998. 
Member, Board on Environmental Studies and Toxicology of the NAS/NRC, 1996-1999. 
Steering Committee, SETAC workshop - Multiple Stressors in Ecological Risk Assessment, Sept 1997 
Steering Committee, SETAC workshop -Reproductive and Developmental Toxicants in Oviparous 
Vertebrates July 1997 
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Steering Committee, SETAC workshop Ecological Risk Management Framework, June 1997 
Member, Steering Committee for UN Environment Program workshop on a global assessment for 



Endocrine Disrupting Chemicals, 1996-7. 
Chair, Ecological Subcommittee, Maryland Oyster Roundtable Steering Committee, 1994 -1996 
Member, drafting team for the EPA dioxin reassessment, Chapter 9, 1996 
Consultant, EPA Science Advisory Board, September 1992 - 1995. 
Co-chair, Public Affairs Committee, Society for Integrative and Comparative  Biology, 1995- 1996 
Steering Committee, SETAC workshop, Ecological Risk Assessment Modeling System, May 1994-97 
Member, Scientific Review Panel for EPA revision of the IRIS listing of the cancer dose-response 



potency for PCB mixtures; May, 1996. 
NAS/NRC Committee on Risk Characterization, 1994 - 1996. 
Member, Advisory Committee, and Affiliate Associate Professor, Center for Environmental Studies, 



Virginia Commonwealth University, Richmond, VA. 1993- 1996. 
Member, Scientific Review panel, WTI Hazardous Waste Incinerator, January 1996 
Co-Organizer, Symposium for American Society of Zoologists, December 1995;  “Molecules to 



Mudflats:  Biological Adaptations to Estuaries.” 
Member, Review Panel, EPA Ecological Risk Assessment National Guidance, Dec 1995 
Steering Committee:  Water Quality 2000; 1991 - 1995. 
Toxic Constituents Challenge Group- Water Quality 2000; 1991. 
Member, Maryland Oyster Roundtable, 1993-1994. 
Co-organizer, “Biological Adaptations in Estuaries: from Molecules to Mudflats”, symposium at the 



ERF biennial meeting, 1993, Hilton Head, SC 
External invited reviewer, EPA Scientific Reassessment of Dioxin, 1992-93. 
Member, U.S. EPA Science Advisory Board Ad Hoc Committee on the Great Lakes Water Quality 



Initiative,  January 1992 - 1993. 
Member, Steering Committee, EPA Wildlife Criteria Conference, Charlottesville, VA, April 12-15, 



1992. 
Member, Research Advisory Committee, Virginia Pesticide Control Board, 1991-1992. 
Member, EPA Independent Panel to review Chesapeake Bay Program non-point source pollution 



program, 1990. 
Member, Japanese Oyster Review Committee, Virginia Marine Resources Commission, 1990 - 1991. 
Vice-President, Board of Directors, Virginia Conservation Network, 1994 - 1995. 
Member, Board of Directors, Conservation Council of Virginia, 1992 - 1994. 
 
External Reviewer, Ecotoxicology 
Associate editor, Journal of Experimental Zoology, 1994-1996. 
External reviewer, Physiological Zoology 
External reviewer, Journal of Crustacean Biology 
External reviewer, Biological Bulletin 
External reviewer, Environmental Research 



SELECTED FUNDING 



Hudson River Sloop Clearwater, Technical Advisor for the PCB Cleanup of the Hudson River 
Glynn County Environmental Coalition Technical Advisor for Brunswick GA Superfund sites 
TVA Kingston Fly Ash Release contaminated site, Technical Assistance Services for Communities 
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grant for advisory services to the Roane County Community Advisory Group, November 2009-
December 2009 
Tittabawassee River, Saginaw River, & Saginaw Bay Contaminated Site, Technical Assistance Services 
for Communities grant for advisory services to Lone Tree Council, October 2009 – November 2009. 
Pine River Superfund Site, Technical Advisor to Pine River Citizens Task Force (CAG), June 2009 – 
current.   
Badger Army Ammunition Plant, Technical Advisor to the Restoration Advisory Board, 2009-10. 
Portland Harbor Superfund Site, Technical Advisor for the Willamette Riverkeeper, September 2008-
present. 
Neuse River Foundation, Technical Assistance Grant for advisory services, 2007-present. 
Virginia Department of Environmental Quality grant to VCU; 2007- 2008; “Health Risks from Methyl 



Mercury Contaminated Fish Consumption in Eastern Virginia,” Principal Investigator 
Center for Justice, Technical Assistance Grant for advisory services, 2005-current. 
Clean Water Action Council, Technical Assistant Grant for advisory services, 2006-current. 
Citizens for Safe Water Around Badger, Technical Assistant Grant for advisory services, 2004-current. 
Delaware River Basin Commission, Contract to provide technical services on the TMDL for PCBs, 



2004-current. 
Fort Ord Environmental Justice Network Technical Assistant Grant for advisory services, 2004–current. 
Spring Valley RAB Technical Assistance Grant for advisory services, 2002-current. 
Housatonic River Initiative Technical Assistance Grant for advisory services, 2002-current. 
Lower Duwamish River Group, Technical Assistance Grant for advisory services, 2002-current. 
Olympic Environmental Council, Public Participation grant for technical services, 1999- 2000 and 2001-



current. 
Indiana Department of Environmental Management to PL deFur, 2001-2003, technical services, $75,000 
World Wildlife Fund to P L deFur for Endocrine Disruptor Screening and Testing workgroup 1999 
Starfire Fund award to VCU, 1996-1997. 
W.A. Jones Foundation grant to VCU, 1996-1997; 1997-98 



RECENT RESEARCH PROJECTS 



Environmental Policy for hormone disrupting chemicals in the environment 
Assessing environmental endocrine disruptors in aquatic systems 
Effects of medical waste disposal practices on human and environmental health 
Effects of hormone disrupting chemicals on children’s health 
Coastal eutrophication in U.S. waters—distribution and impacts. 
Review of the EPA reassessment of the health and environmental risks of dioxin and related compounds, 



and development of policy recommendations, 1991 - Present. 
Examination of federal policies and practice of risk assessment, 1993 - Present. 
Mapping environmental contaminants in the Arctic; EDF research project, 1994. 
Impacts and control of non-native species in aquatic ecosystems, 1991 - Present. 
Effects of low oxygen (hypoxia) and anoxia on aquatic organisms of the Chesapeake Bay, 1982 - 1988.  
Research on the effects of environmental variations on estuarine invertebrates in Chesapeake Bay. 
 



TESTIMONY 



Expert Witness for Sierra Club and Center for Environmental Law v Department of Ecology and 
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Spokane County in Washington State Court, 2013 
Expert Witness for No Ship Action Group Inc v Minister for Environment Protection, Heritage and the 
Arts and State of New South Wales in Sydney, Australia Tribunal, 2010 
Expert Witness for Ward, et al. v Lockheed Martin Corporation in Manatee County, Florida court, 2010  
Expert Witness for Bussing, et al, v Gainesville Renewable Energy Center, et al in Gainesville, Florida 
court, 2010 
Expert Witness for Edison Wetlands Association, Inc v Akzo Nobel Chemical, Inc in Federal Court, 
2009-2010. 
Expert Witness for Gonye v Toll Bros. in the Delaware State Court, 2008  
Expert for NRDC concerning maintenance dredging in Newark Bay, 2005 
Expert witness, state appeal for DuPont/Delisle air permits. Mississippi, 2004. 
Expert witness, state hearing on Chemical Weapons Incinerator, Umatilla OR, November 2002 
Expert witness, federal hearing on the Chemical Weapons Incinerator at Tooele, Utah regarding risk 
assessment for emissions from incinerator; July 1996; September 1999. 
The NOAA Budget: Research and Program Needs and Priorities.  Testimony of the Environmental 
Defense Fund before the House Subcommittee on Fisheries, House Merchant Marine and Fisheries 
Committee, March 1994. 
Risk Assessment at EPA, with comments on H.R 2910. Testimony before the House Subcommittee on 
Transportation and Hazardous Materials of the Energy and Commerce Committee, November 1993. 
Research Needs in the Clean Water Act Reauthorization, H.R. 1116. Testimony before the House 
Subcommittee on Technology, Environment and Aviation of the Science and Technology Committee, 
Sept. 1993. 
Environmental and ecological impacts of dioxin discharged in pulp mill effluent.  Testimony before the 
Maine Board of Environmental Protection, November 1992. 
National Water Quality Standards for Dioxin and H.R. 2084.  Testimony before the Water Resources 
Subcommittee of the House Committee on Public Works and Transportation, May 1991. 
Wetland Restoration as Part of the Corps Reauthorization Bill. Testimony before the Water Resources 
Subcommittee of the House Committee on Public Works and Transportation, June 1990. 
Expert witness on Biology and Crustacean Biology before the Louisiana state court re: Shell dredging in 
Lake Pontchartrain, October 1989.  



PROFESSIONAL SOCIETIES: 



Society for Integrative and Comparative Biology (formerly American Society of Zoologists) 
Society of Environmental Toxicology and Chemistry 
Atlantic Estuarine Research Society 
Estuarine Research Federation 



  
Professional Service: 
Steering Committees for SETAC workshops on Invertebrate Endocrine Disruptors Multiple Stressors; 
Reproductive and Developmental Toxicity of Oviparous Vertebrates; Ecological Risk Management  
Public Affairs Committee of SICB/ASZ, 1993 – 1997 and 2008 - 2010 
Organizer, ASZ symposium: Molecules to Mudflats: Biological Adaptations in Estuaries. 
Co-organizer of ASZ symposium on Environmental Endocrine Disrupters, January 1995 
Member of SETAC Pellston workshop on ecological risk decisions 
Organizer of Estuarine Research Federation symposium on Coastal Hypoxia, November 1993 
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COURSES TAUGHT:  



Undergraduate 



Introductory Zoology 
General Physiology: lecture and lab 
Animal Physiology: lecture and lab 
Scientific Thought and Process (for non_majors) 
Human Anatomy and Physiology (for non-majors) 
Special Skills in the Life Sciences:  “Introduction to Teaching Neuromuscular Physiology” 
Human Physiology 



 



Graduate 



Physiology of Animals in Polluted Habitats 
Survey of Environmental Studies 
Ecological Risk Assessment 
Physiological Ecology 
Seminar in Environmental Biology 
 “Environmental Justice” 



“The Evolution from Water to Land” 
“Acid_base Balance of Body Fluids” 



Environmental Physiology 
Comparative Animal Physiology 
Environmental Toxicology – Endocrine Disruptors; jointly with Dr. J. Rosecrans 



 



GRADUATE STUDENTS: 



Thesis Director for Laura Williams, thesis title: “The Effects of River Sediment, Endosulfan, and 
Moderate Hypoxia on Blue Crabs (Callinectes sapidus).” December 2012. Virginia Commonwealth 
Univ. 



Thesis Director for Vrushali Lele, thesis title: “Cumulative Risks to Eastern Oysters in the James River, 
Virginia.” May 2008. Virginia Commonwealth Univ.  



Thesis Director for Nicole Franklin, thesis title: “The Superfund Program Past and Present Funding 
Implications.” May 2011. Virginia Commonwealth Univ. 



Thesis Director for Kyle Newman, thesis title: “Evaluating Vulnerability in Virginia Streams.” May 
2008. Virginia Commonwealth Univ.  



Thesis Director for Deborah Adent, thesis title: “U.S. Environmental Protection Arsenic Rule 2001: an 
Examination of the Data Used to Determine the Maximum Contaminant Level for Arsenic in 
Drinking Water.” May 2008. Virginia Commonwealth Univ. 



Thesis Director for Ian Whitlock, thesis title: “Relationship Between Subsurface Landfill Gas and 
Arsenic Mobilization in Groundwater.” 



Thesis Director for Rachel Bullene, thesis title: “Fish Consumption and Human Health Risks.” 
December 2008. Virginia Commonwealth Univ.  



Thesis Director for James Martin, thesis title: “Effects of Hypercapnic Hypoxia on Freshwater Blue 
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Crabs.” May 2009. Virginia Commonwealth Univ. 
Thesis Director for Carrie Fehl Hagin, Virginia Commonwealth Univ. 
Thesis Director for Lisa Foersom, thesis title: “Effects of Endosulfan on Molting in Juvenile Red 



Swamp Crayfish, Procambarus clarki.” May 2001. Virginia Commonwealth Univ. 
Thesis Director for Mark Huff, thesis title: “Alternatives to the Use of Risk Assessment in 



Environmental Management: Application to Medical Waste.” December 2000. Virginia 
Commonwealth Univ. 



Thesis Director for Rene Hypes, thesis title: “Effects of Hypoxia and Hypercapnia on Blue Crabs, 
Callinectes sapidus, in the York River, Virginia.” December 1999. Virginia Commonwealth Univ. 



Thesis Director for Anita Pease, thesis title: “Effects of Long Term Hypoxia on Respiration in blue 
crabs, Callinectes sapidus.” May 1988. George Mason Univ. 



Dissertation director for Les Touart, thesis title: “Effects of Insect Growth Regulators on Aquatic 
Crustaceans.” 1987-1988. George Mason Univ. 



Thesis director for Nancy Patterson, thesis title “Effects of Acid Rain on Red Swamp Crayfish, 
Procambarus clarki.” May 1984. George Mason Univ. 



HONORS AND AWARDS: 



AAAS Environmental Science and Engineering Fellowship, June - August 1989.Tri Beta (GMU 
Chapter), Faculty Award 1986.  



The Crustacean Society: 1985 Outstanding Paper Award.  
American Society of Zoologists Travel Award, First International Congress of Comparative Physiology 
and Biochemistry, Liege, Belgium, 1984.  
Alberta Heritage Foundation for Medical Research Postdoctoral Fellowship, Sept 1980 - Aug 1981.  
University of Calgary Dissertation Fellowship, 1980 - 1981. 
Province of Alberta Graduate Scholarship: May 1979 - April 1980.  
Province of Alberta Graduate Scholarship: January - April 1979. 



PUBLICATIONS: 



deFur, P.L., L.E. Williams and S.S. Sanford. 2016. Emerging contaminants in Virginia. Environmental 
Law and Policy Review. 40(2):519-533. 



deFur, P.L. and L.E. Williams. 2014. Endocrine Disrupting Chemicals.  Ch5. In: Chang, E. and Thiel, 
 M., eds.  Natural History of the Crustacea: Comparative Physiology. Oxford Press, New York. 
Schug, T.T… P.L. deFur, et al. 2013 Designing Endocrine Disruption Out of the Next Generation of 



Chemicals. Green Chemistry. 15: 181-198 
Pease, A.L., P.L. deFur. Respiratory adjustments of blue crabs Callinectes sapidus, during five days 



hypoxia. Submitted July 2015. Pending 
deFur, P.L., G.W. Evans, E.A.C. Hubal, A.D. Kyle, R.A. Morello-Frosch, and D.R. Williams. 2007. 



Vulnerability as a function of individual and group resources in cumulative risk assessment. 
Environmental Health Perspectives. 115(5): 817-824. 



Hypes, R. and P.L. deFur. Effects of hypercapnic hypoxia on blue crabs, Callinectes sapidus. In Prep. 
deFur, P.L. 2004. Use of invertebrates in testing for endocrine disruptors. Institute for Laboratory 



Animal Research Journal. 45(4): 484-493  
Foersom, L and P L deFur. Effects of endosufan on molting in juvenile crayfish, Procambarus clarkii. 



In Prep. 
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deFur, P.L. and M.Kaszuba. 2002. Implementing the Precautionary Principle. Science of the Total 
Environment. 288: 155-165 



deFur, P.L and D. P. Clarke. 2001. Selecting, implementing and tracking ecological risk management 
decisions: Necessary elements of an effective decision-making framework.Ch 5, pp 57-74 In: R. 
Stahl et al., eds. Risk Management: Ecological Risk-Based Decision-Making.. SETAC Press, 
Pensacola, FL. 



Stahl, R., R.A. Bachman, A.L. Barton, J.R. Clark, P.L. deFur, S.J. Ells, C.A. Pittinger, M.W. Slimak and 
R.S. Wentsel eds. 2001.Risk Management: Ecological Risk-Based Decision-Making.. SETAC Press, 
Pensacola, FL. 202 p 



deFur, P.L. and L. Foersom. 2000. Can What We Don’t Know Hurt Us? Toxic chemicals in the 
Chesapeake Bay.  Environmental Research. 82: 113-133. 



deFur, P.L., M. Crane, R. Stahl, and L. Tattersfield, eds. 1999. Endocrine Disrupters in Invertebrates. 
SETAC Press, Pensacola, FL 303 pp. 



Raffensperger, C and P.L. deFur. 1999. Implementing the precautionary principle: rigorous science and 
solid ethics. Human and Ecol. Risk Assess. 5: 933-941. 



deFur, P.L. 1999. Using the Precautionary Principle in Policy for Endocrine Disrupting Chemicals, pp 
337-348 In: Raffensperger, C. and Tickner, J., eds.; Protecting Public Health and the Environment. 
Island Press, Washington, DC. 385 pp 



deFur, P.L. 1999. Public policy recommendations for endocrine disrupting chemicals.  Biotechnology 
International. vol. 3: 1-6. 



deFur, P.L. and C. Raffensperger. 1999. Chemicals That Alter Hormone Systems. Pp 35-40 In: Ng 
Weng Hong, ed.,Guide to the Petrochemical and Chemical Industry in Singapore, 3rd edition Publ. of 
The Strategist, Singapore. 



Mahaich, E. M., Gooch, J., deFur, P.L., Benson, W.H., Tyler, C., Birnbaum, L., DiGiulio, R.T.and Tillitt 
D. 1999. Reproductive and Developmental Effects of Contaminants in Oviparous Vertebrates: 
Workshop Introduction. In: R.T. DiGiulio and D. Tillitt, eds. Reproductive and Developmental 
Effects of Contaminants in Oviparous Vertebrates. SETAC Press, Pensacola FL. 



Ferenc, S., P. deFur, M. Dobbs, C. Grue, S. Marcy, D. Moore, R. Rolland and R. S. Wentsel. 1999. 
Characterizing and managing impacts of and risks posed by multiple stressors. Pg 51-66 In: J. Foran 
and S. Ferenc, eds. Multiple Stressors in Ecological Risk Assessment. SETAC Press, Pensacola, FL.  
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Agenda



• Site background



• Why is there a proposed ESD 
(Explanation of Significant Differences)? 
What is a proposed ESD?



• What does this change mean for the 
Portland Harbor Superfund Site?



• Question and answer session
2
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Site Background
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• Focused Contaminants of Concern
 Polychlorinated Biphenyl (PCBs)



Where Do They Come From? Used in electrical equipment, oil, 
plastics



 Polycyclic Aromatic Hydrocarbons (PAHs)
Where Do They Come From? Produced when coal, oil, and gas are 



burned, spilled, etc….
Benzo(a)pyrene (BaP) is a PAH. BaP cancer risk is used to assess 



cancer risk for other carcinogenic PAHs
 DDx (DDT, DDE, DDD)



Where Do They Come From? Commonly used in pesticides
 Dioxins/Furans



Where Do They Come From?  Created when certain products are 
made, like herbicides, pulp/paper, or when products are burned. 4



Site Background











Why is there a proposed 
Explanation of Significant 



Differences? 
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What is a proposed 
Explanation of Significant 



Differences? 











Proposed ESD (Explanation of Significant 
Differences?):  What is it and why?
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Human health risk 
changed



EPA considers
changes to cleanup 



plan



EPA proposes 
changes to cleanup 



plan



EPA issues final 
changes to cleanup 



plan (final ESD)



• Based on current studies, EPA 
lowered the cancer risk for 
Benzo(a)pyrene (BaP)



• BaP is a carcinogenic PAH 
• EPA considered how the 



BaP health risk change 
impacts the cleanup plan



• Given high public interest, EPA decided to 
issue a proposed ESD for public comment











Why did the Benzo(a)pyrene 
health risk change?



• EPA’s Integrated Risk Information 
System (IRIS) updated their BaP
assessment in 2017



• EPA’s IRIS program has worked 
for over 10 years on this 
assessment



• The BaP IRIS assessment was 
extensively reviewed with many 
agencies and scientists (next slide)



• Current studies show that cancer 
risk for BaP is about seven times 
less toxic for people who contact 
or ingest the chemical
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Who reviewed this BaP 
cancer health risk change?



• Some of the other Agencies who reviewed:
 Agency for Toxic Substances and Disease Registry
 Department of Defense
 National Aeronautics and Space Administration (NASA)
 National Institute for Occupational Safety and Health 



• Public comments:  Assessment released for public comment in 2013



• Peer review by 27 independent, expert scientists including:
 University of Washington, Seattle WA
 University of California, Irvine CA
 University of New Mexico, Albuquerque NM
 Harvard School of Public Health, Boston MA
 The University of Texas at Austin, Austin TX
 University of Illinois, Chicago IL
 National Institute of Health, Bethesda MD
 Department of Statistics and Evaluation, American Cancer Society, 



Atlanta GA
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What does this BaP change 
mean for the Portland Harbor 



Superfund Site?
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• Cleanup Levels: Long-term contaminant concentrations that 
the cleanup must achieve to meet the Remedial Action 
Objectives. These also may be referred to as Preliminary 
Remediation Goals (PRGs).
 Developed for all contaminants of concern on a media-



specific (sediment, water, clam tissue, etc…) basis



• Highly Toxic Principal Threat Waste (PTW): Contaminant 
source material that requires special management due to high 
toxicity



• Remedial Action Levels (RALs): Define areas where capping 
and/or dredging must be conducted to facilitate natural recovery 
throughout the site
 Separate RALs established in Portland Harbor for Navigation 



Channel and nearshore sediments 10



What are PRGs, PTW and RALs?
&EPA 
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What does this mean for the Portland 
Harbor Superfund Site?



RAO Media



H
u
m
a
n



RAO 1 Sediment



RAO 2 Biota



RAO 3 Surface Water



RAO 4 Groundwater



E
c
o



RAO 5 Sediment



RAO 6 Biota



RAO 7 Surface Water



RAO 8 Groundwater



H&E RAO 9 Riverbanks



Remedial Action Objectives 
(RAOs)



• RAOs:  Media specific goals for 
protecting human health and the 
environment



• Cleanup plan established RAOs 
and cleanup levels for sediment, 
groundwater, surface water, and 
river bank soils



• Any change in remedial action 
levels must consider impact on 
all RAOs



= Affected by change 
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What does this mean for the Portland 
Harbor Superfund Site?



Total 
Remedial 



Area 
(Acres)



Cubic Yards 
(CY) Dredging 
& Riverbank 
Excavation



Cost



ROD ~364 ~3.02 million ~$1.05 billion



Proposed 
ESD ~347 ~2.94 million ~$1.015 billion



Change
From ROD to  



Proposed 
ESD



~17 
4.67% decrease



~80 thousand
2.66% decrease



~$35 million
3.33% decrease



“BIG PICTURE”
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What does this mean for the Portland 
Harbor Superfund Site?



Scenario Impacted Area ROD Value Updated Value 
Direct Contact cPAH Beach 
Sediment cleanup level Beach Areas 12 µg/kg 



(parts per billion) 85 µg/kg



Direct Contact cPAH In-Water 
Sediment cleanup level



Nearshore sediment 
(excluding beach areas)



Not Included
(106 µg/kg) 774 µg/kg



Clam Tissue Consumption 
cPAH Target Level Site-Wide 7.1 µg/kg 51.6 µg/kg



Clam Consumption cPAH
Sediment cleanup level Site-Wide



3,950 µg/kg
(This should have 
been 39.5 µg/kg)



1,076 µg/kg



Benthic Risk total PAH 
Sediment cleanup level Site-Wide 23,000 µg/kg 23,000 µg/kg 



No Change Proposed



Highly Toxic cPAH PTW 
Threshold Site-Wide 106,000 µg/kg 774,000 µg/kg



Nearshore total PAH RAL
Nearshore Sediment 
(Outside the Navigation 
Channel)



13,000 µg/kg 30,000 µg/kg



Navigation Channel total PAH 
RAL



Navigation Channel 
Sediment 170,000 µg/kg



170,000 µg/kg 
No Change Proposed
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What does this mean for the Portland 
Harbor Superfund Site?
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How can I be involved?



• Provide written comments to EPA on the proposed ESD until 
Friday, December 21:  
 Send comments via e-mail to HarborComments@epa.gov
 Mail Comments:  Attn:  Portland Harbor Superfund Comments, U.S. 



Environmental Protection Agency, 805 SW Broadway, Suite 500, 
Portland OR 97205



• Review EPA’s November 1st webinar recording of the proposed 
ESD presentation:  https://bit.ly/2zqWeIL



• Attend EPA’s December 12th public forum 
 Day & Time:  Wednesday, December 12th, 5:30-8:30pm
 Location:  Revolution Hall, 1300 SE Stark St, Portland OR 97214



• Visit EPA’s Portland Harbor website for the most up-to-date 
information: www.epa.gov/superfund/portland-harbor
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More Questions?



• Sean Sheldrake, EPA Remedial Project Manager



E-mail:  sheldrake.sean@epa.gov
Phone:  206-553-1220



• Laura Knudsen, EPA Community Involvement Coordinator



Email: knudsen.laura@epa.gov
Phone: 206-553-1838





mailto:sheldrake.sean@epa.gov


mailto:knudsen.laura@epa.gov








Extra Slides
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Proposed Nearshore Total 
PAH RAL Change



• EPA proposes revising the total PAH nearshore 
RAL from 13,000 µg/kg to 30,000 µg/kg: 
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Current Nearshore Sediment 
RAL (13,000 µg/kg)



Updated Nearshore Sediment 
RAL (30,000 µg/kg)











• The total PAH navigation channel RAL of 170,000 µg/kg will not 
change because of human health and benthic (critters that fish 
eat) risk that is present



• Other Issues:
 The navigation channel has benthic community habitat
 The total PAH cleanup level of 23,000 µg/kg is exceeded in the 



navigation channel between RM 5 – 7 with unacceptable risk to 
the benthic community



 Natural recovery processes such as sediment deposition within 
the navigation channel are not happening for contaminated areas 
between RM 5 – 7



 An increase in PAH loading to surface water is happening 
downstream of RM 6.3
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Why did the proposed navigation 
channel total PAH RAL not change?











• The human health clam consumption target tissue level 
increases by a factor of 7.3 from 7.1 µg/kg to 51.6 µg/kg due 
to the BaP health risk change



• The relationship between cPAH (BaP Eq) clam tissue levels is 
a non-linear log-log relationship represented by the following 
equation:



𝑙𝑙𝑙𝑙 𝑃𝑃𝑃𝑃𝑃𝑃𝑠𝑠𝑠𝑠𝑠𝑠 =
( 𝑙𝑙𝑙𝑙(𝐶𝐶𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 − (ln(𝑓𝑓𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙) − ln 𝐶𝐶𝐶𝐶 + 2.47)



0.6
+ 𝑙𝑙𝑙𝑙(𝑓𝑓𝑜𝑜𝑜𝑜)



• Based on the non-linear relationship, the cPAH human health 
clam consumption CUL increases from 39.5 to 1,076 µg/kg 
due to the BaP health risk change
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Development of Human Health Clam 
Consumption Clean-up Levels











Total PAH - cPAH Relationship
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Why and how did the BaP 
health risk change?
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𝐶𝐶𝐶𝐶𝐶𝐶𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 = 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 x 𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇
𝑪𝑪𝑪𝑪𝑪𝑪 𝑥𝑥 𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 𝑥𝑥 𝐴𝐴𝐴𝐴𝐴𝐴 𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 𝑥𝑥 10−6 𝑘𝑘𝑘𝑘/𝑚𝑚𝑚𝑚



• Short Answer:  No



• This decrease means that someone has less risk of developing 
cancer if they are exposed to BaP



• However, the cleanup level may* increase (less restrictive) 
because one divides by the cancer slope factor (CSF):



• Remedial Action Levels (RALs) may* also increase to prevent 
cleaning up sediments that do not pose unacceptable risk
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Doesn’t a decrease to 1 per mg/kg-day from 7.3 per 
mg/kg-day mean BaP is more carcinogenic?  



Cancer Risk = Lifetime Average Daily Intake x Cancer Slope Factor (CSF) 



If CSF goes down, Risk goes down 



*Depends on the area within the Site











• IRIS does not keep track of this type of information. 



• IRIS evaluates the available data with current 
methodologies to interpret the currently available 
science as best we can. 



• This evaluation can lead to characterizations of 
toxicity that may be relatively more or less toxic than 
previous characterizations.
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Has EPA updated health risk values to 
be less toxic for other chemicals? &EPA 











• Short answer:  Yes, EPA previously considered the RfD 
change.



• Long answer:  
 The Toxicological Review of Benzo(a)pyrene (USEPA, 2017) also 



included a non-cancer oral reference dose of 0.0003 (mg/kg-day).
 This value was utilized in the development of Preliminary Remediation 



Goals (PRGs) for the Portland Harbor Site (See Table B3-2 of the 
Portland Harbor Feasibility Study).



 PRGs for non-cancer risk presented in Appendix B of the Portland 
Harbor Feasibility Study, are significantly higher than cancer risk and 
thus are not a factor for developing PAH Cleanup Levels at the 
Portland Harbor Site.
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Did EPA consider the non-cancer 
reference dose (RfD) change? &EPA 











What was the exact cancer slope factor 
change for BaP?
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PREVIOUS CSF REVISED CSF*
*Revised January 19, 2017



7.3 per mg/kg-day 1 per mg/kg-day











• The carcinogenicity of PAHs is assessed relative to 
benzo(a)pyrene using a potency equivalence factor (PEF)
 PEFs range between 1 and 0.001 for individual carcinogenic PAHs
 Allows estimation of total carcinogenic PAH risk measured as 



benzo(a)pyrene equivalents (BaPEq)
 The BaP slope factor change affects all carcinogenic PAHs



27



Application of Benzo(a)pyrene 
Potency Equivalence Factor



Location Chemical EPC (ug/kg)



B(a)P CSF 
(mg/kg-



day)-1



Potency 
Equivalent 



Factor



Adjusted 
CSF (mg/kg-



day)-1



Daily Dose 
(mg/kg-



day) Cancer Risk
RM 7 West Benzo(a)anthracene 2.2E+03 1 0.1 0.1 7.20E-07 7.E-08
RM 7 West Benzo(a)pyrene 1.7E+03 1 1 1 5.50E-07 6.E-07
RM 7 West Benzo(b)fluoranthene 4.5E+03 1 0.1 0.1 1.45E-06 1.E-07
RM 7 West Benzo(k)fluoranthene 1.4E+03 1 0.01 0.01 4.60E-07 5.E-09
RM 7 West Chrysene - 1 0.001 0.001 - -
RM 7 West Dibenzo(a,h)anthracene 7.1E+02 1 1 1 2.30E-07 2.E-07
RM 7 West Indeno(1,2,3-cd)pyrene 1.4E+03 1 0.1 0.1 4.50E-07 5.E-08
RM 7 West Total cPAHs as B(a)P Equivalents 1.E-06











• Carcinogens
 The Human Health Risk Assessment (HHRA) evaluated a 



combined adult/child exposure scenario for recreational beach 
users and all fish consumption exposure scenarios



 The HHRA did not consider children in the clam and crayfish 
consumption exposure scenario



• Non-carcinogens
 The HHRA evaluated a child recreational beach user and all fish 



consumption exposure scenarios
 The HHRA evaluated breastfeeding Infants for all adult exposure 



scenarios for select bioaccumulative chemicals (PCBs, DDx, 
PBDEs, and dioxin and furans) 



 The HHRA did not consider children in the clam and crayfish 
consumption exposure scenario
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Evaluation of Children and Infants in 
the Portland Harbor HHRA &EPA 
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ABSTRACT



We have previously shown that relative potency factors and DNA adduct measurements are inadequate for predicting
carcinogenicity of certain polycyclic aromatic hydrocarbons (PAHs) and PAH mixtures, particularly those that function
through alternate pathways or exhibit greater promotional activity compared to benzo[a]pyrene (BaP). Therefore, we
developed a pathway-based approach for classification of tumor outcome after dermal exposure to PAH/mixtures. FVB/N
mice were exposed to dibenzo[def,p]chrysene (DBC), BaP, or environmental PAH mixtures (Mix 1-3) following a 2-stage
initiation/promotion skin tumor protocol. Resulting tumor incidence could be categorized by carcinogenic potency as
DBC>>BaP¼Mix2¼Mix3>Mix1¼Control, based on statistical significance. Gene expression profiles measured in skin of
mice collected 12 h post-initiation were compared with tumor outcome for identification of short-term bioactivity profiles.
A Bayesian integration model was utilized to identify biological pathways predictive of PAH carcinogenic potential during
initiation. Integration of probability matrices from four enriched pathways (P< .05) for DNA damage, apoptosis, response to
chemical stimulus, and interferon gamma signaling resulted in the highest classification accuracy with leave-one-out cross
validation. This pathway-driven approach was successfully utilized to distinguish early regulatory events during initiation
prognostic for tumor outcome and provides proof-of-concept for using short-term initiation studies to classify carcinogenic
potential of environmental PAH mixtures. These data further provide a ‘source-to-outcome’ model that could be used to
predict PAH interactions during tumorigenesis and provide an example of how mode-of-action-based risk assessment
could be employed for environmental PAH mixtures.



Key words: polycyclic aromatic hydrocarbons; toxicogenomics; modeling; skin cancer; mixtures.



Polycyclic aromatic hydrocarbons (PAHs) are a class of over 1500
chemicals formed as incomplete combustion products and re-
leased into the environment from both natural (e.g. forest fires)
or anthropogenic (e.g. burning of fossil fuels, tobacco, char-
broiled meats) sources. Several PAHs, particularly those with
more than 4 rings such as benzo[a]pyrene (BaP), dibenzo[def,p]-
chrysene (DBC), have been designated as Class 1 known or Class
2A probable human carcinogens by the International Agency for



Research on Cancer (IARC, 2010). While much of the research on
PAH carcinogenicity focuses on individual PAHs and BaP, in par-
ticular, most human exposures to PAHs result from chemical
mixtures through dietary, inhalation, or dermal routes of expo-
sure. Primary sources of environmental exposure to these PAHs
include wood smoke, creosote, and burning of fossil fuels and
tobacco (IARC, 2010). Recently, diesel engine exhaust was added
to the list of Class 1 known human carcinogens and certain
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other PAH-containing mixtures, including air pollution, have
been designated as probable or possible Class2A/B carcinogens
in humans (IARC, 2010, 2014).



One of the most difficult challenges for risk assessment is
the evaluation of health hazards from exposure to environmen-
tal chemical mixtures. Currently, significant data gaps exist for
understanding carcinogenicity of PAH mixtures and complex
environmental mixtures containing PAHs. Further, little is
known about the mechanisms of tumorigenesis for PAH mix-
tures. Current assessment of cancer risk for PAHs involves test-
ing compounds in the 2-year rodent bioassay, which is not
practical for screening large numbers of compounds or mixtures
due to expense and time. Therefore, alternative approaches are
typically utilized for evaluating the carcinogenic potential of
PAHs and PAH-containing mixtures. Currently, the primary
method for assessing cancer risk of complex mixtures is the rel-
ative potency factor (RPF) approach in which complex mixtures
are evaluated based on a subset of individual component PAHs
compared with BaP as a surrogate or reference (US EPA, 2010).
However, we and others have found this approach inadequate
for predicting carcinogenicity of mixtures and certain individual
PAHs, particularly those that function through alternate path-
ways or exhibit greater promotional capacity compared to BaP
(Courter et al., 2008; Siddens et al., 2012).



Significant challenges have also been identified in utilizing
such reference-based approaches for estimating risk from expo-
sure to PAHs in air pollution or waste sites. Complex environ-
mental mixtures subjected to weathering and aging processes
can contain many different PAHs, including alkyl-, N-, S-, and
O-substituted forms, along with other unknown chemicals;
however, only a limited number of unsubstituted PAHs
have been characterized for use in RPF calculations. Mixture
toxicity for risk assessment is calculated based on select indi-
vidual components and assumes additivity through a common
mechanism of action for PAHs compared to BaP as a standard.
Therefore, the RPF approach does not take into consideration
mechanistic information about the different pathways, cells,
and tissues affected by PAHs during initiation and promotion.
This approach is also insufficient for predicting carcinogenicity
of complex real-world environmental mixtures of unknown
composition.



In this study, we propose an innovative model for determin-
ing carcinogenic risk of PAH mixtures using mechanistic
approaches. We hypothesize that a chemical bioactivity profile
measured after short-term exposure to individual and mixture
PAHs from global transcriptional profiling can be used to discrim-
inate future carcinogenic potential based on important mecha-
nistic differences among exposures. The bioactivity profile acts
as a unique fingerprint for genes and pathways activated by
chemicals and mixtures postexposure and can be used for pre-
dicting long-term consequences such as cancer outcome. An im-
portant aspect of the bioactivity profile is that the gene
signatures are linked to chemical mechanism of action and can
also provide insight into alternate mechanisms of PAH carcino-
genesis and related mechanisms for complex mixtures. Based on
preliminary data, we demonstrate that long-term cancer out-
come for PAHs and mixtures can be predicted from high-content
genomic evaluation of bioactivity after short-term exposure.



MATERIALS AND METHODS



Chemicals. BaP and DBC were handled in accordance with
National Cancer Institute Guidelines. All pure PAHs and



mixtures were prepared under UV depleted light as described in
Siddens et al. (2012). The PAHs and environmental PAH mixtures
utilized for initiation of skin carcinogenesis in animal models
are summarized in Table 1. PAH mixture 1 (Mix 1) consisted of
5 mg/ml diesel particulate exhaust (DPE) in vehicle (toluene con-
taining 5% DMSO). PAH mixture 2 (Mix 2) consisted of 5 mg/ml
each DPE and coal tar extract (CTE) in vehicle. PAH mixture 3
(Mix 3) consisted of 5 mg/ml DPE, 5 mg/ml CTE, and 10 mg/ml
cigarette smoke condensate (CSC).



Animal studies and tumor analysis. FVB/N mice were exposed to
PAHs or PAH mixtures following a 2-stage tumor-promotion
protocol in skin. All procedures were conducted according to
National Institutes of Health guidelines and were approved by
the Oregon State University Institutional Animal Care and Use
Committee. Six-week-old, female FVB/N inbred mice obtained
from the NCI-Fredrick’s Animal Production Program
(Frederick,Maryland) were fed AIN93-G pellets (Research Diets,
Inc., New Brunswick, New Jersey) throughout the experiment.
At 7.5 weeks of age, mice (groups of 36) were initiated with PAH
treatments (summarized in Table 1) by application to shaved
skin in 200 ml toluene vehicle. Animals for microarray analysis
(N¼ 4 or 5 per treatment) were killed 12 h after treatment and
skin was collected for RNA isolation. Two weeks post-initiation,
a 25-week promotion regimen was begun with remaining ani-
mals, treating animals twice weekly with 6.5 nmol 12-O-tetrade-
canoylphorbol-13-acetate in 200 ll acetone. Mice were observed
and tumor incidence recorded weekly throughout the 25-week
promotion interval. Following promotion, all animals were
euthanized and necropsied. Tumors were removed, fixed in for-
malin, and prepared for histopathology of hematoxylin and
eosin-stained sections to determine stage of progression.
Tumor incidence was measured as the percent incidence for
each treatment based on tumor type. Statistical significance
among the treatment groups was calculated by ANOVA with
Newman–Keuls multiple testing correction.



Microarrays and gene expression analysis. Individual mouse dermal
samples were analyzed by Agilent microarray after initiation
with PAHs (N¼ 4 biological replicates, Table 1) or toluene control
(N¼ 5 biological replicates). RNA was isolated from flash frozen
skin samples in Trizol Reagent (Life Technologies, Carlsbad,
California) followed by clean-up with Qiagen RNeasy mini prep
kit (Valencia, California) according to manufacturer protocols.
RNA quality and quantity were assessed by Agilent Bioanalyzer
(Santa Clara, California) and Nanodrop spectrophotometry
(Thermo Fisher Scientific, Waltham, Massachusetts) analysis,



TABLE 1. PAH treatments



Treatment Components



Control 200 ml toluene
BaP 200 ml toluene 400 nM BaP
DBC 200 ml toluene 4 nM DBC
Mix 1 200 ml toluene 1 mg DPE
Mix 2 200 ml toluene 1 mg DPE 1 mg CTE
Mix 3 200 ml toluene 1 mg DPE 1 mg CTE 2 mg CSC



BaP, Benzo[a]pyrene (100 mg) (Midwest Research Institute, Kansas City, Missouri);



DBC, Dibenzo[def,p]chrysene (1.2 mg) (Midwest Research Institute); DPE, Diesel



particulate extract (SRM 1650b, National Institute of Standards and Technology,



Gaithersburg, Maryland); CTE, Coal tar extract (SRM 1597a, National Institute of



Standards and Technology); CSC, Cigarette smoke condensate (provided by



Hollie Swanson, University of Kentucky).
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respectively. Samples with A260/280 ratios of 1.9–2.2 and RNA
integrity values 6.5 or greater were selected for microarray anal-
ysis. For microarrays, RNA was labeled with Agilent’s 2 color
Quickamp kit for hybridization to the Agilent 8 X 60K mouse
array. Raw intensity data were quantile normalized by RMA
summarization (Bolstad et al., 2003) and subject to pairwise
analysis of variance (Kerr et al., 2000) with Tukey’s post hoc test
and 5% false discovery rate calculation (Benjamini, 1995).



Bioinformatics. Unsupervised hierarchical clustering of microar-
ray data was performed using Euclidean distance metric and
centroid linkage clustering to group gene expression patterns by
similarity. The clustering algorithms, heat map visualizations,
and centroid calculations were performed with Multi-
Experiment Viewer (Saeed et al., 2003) software based on Log2
expression ratio values. Functional enrichment analysis was
performed in MetaCore (GeneGO, Thomson Reuters) based on
mappings of the significant (P< .05) genes in each treatment
group onto built-in functional network processes and Gene
Ontology biological process categories. Analyses were per-
formed for each database independently. Metacore’s knowl-
edgebase, which is derived through manual annotation and
curation from the literature, was used for the biological network
processes. Statistical significance for enrichment was calculated
using a hypergeometric distribution, where the P-value repre-
sents the probability of a particular mapping arising by chance
for experimental data compared with the background, which
included all genes on the Agilent platform (Nikolsky et al., 2009).
All processes included more than 15 genes. Gene Ontology bio-
logical processes were further filtered to include only the top 10
most significant (P< 5E�7) processes for each treatment group
that were categorized greater than level 2 in the gene ontology
tree to reduce redundancy. To identify major transcriptional
regulators of gene expression by PAHs, the Statistical
Interactome tool was used in MetaCore to measure the inter-
connectedness of genes in the experimental dataset relative to
all known interactions in the background dataset. Statistical sig-
nificance of overconnected interactions was also calculated
using a hypergeometric distribution. Networks were con-
structed in MetaCore for experimental data using an algorithm
that identifies the shortest path to directly connect nodes in the
dataset to transcription factors. Network visualizations were
created in Cytoscape (Shannon et al., 2003) utilizing the spring-
embedded layout. PAH treatments were classified based on
tumor outcome with Visual Integration for Bayesian Evaluation
(VIBE) v2.0 (Beagley et al., 2010) in which Bayesian integration of
significantly enriched (P< .05) pathways was performed using
k-nearest neighbors statistical learning algorithm (Atiya, 2005)
with leave-one-out cross validation. VIBE performs Bayesian
integration of the experimental datasets (i.e. pathways) and
provides a classification accuracy based on the integrated prob-
ability model (Webb-Robertson et al., 2009).



RESULTS



Classification of PAH Treatments Based on Tumor Outcome
PAHs and environmental PAH mixtures were classified into low,
moderate, or high categories based on their ability to induce
tumorigenesis following a 2-stage initiation/promotion skin
tumor protocol. Classification was based on statistical evalua-
tion of tumor incidence calculated as the percent incidence per
tumor type, which was determined by histology from the pro-
gression from hyperplasia to papilloma, carcinoma in situ or



squamous cell carcinoma. Overall, exposure of FVB/N mice to
BaP, DBC, or 1 of 3 environmental PAH mixtures resulted in
treatment-specific tumor incidence profiles; although the rela-
tive amounts of each tumor type was similar across all PAH
treatments (Fig. 1A). The percent incidence of papillomas was
greatest for all PAHs and PAH mixtures, while carcinoma in situ
was the least prevalent tumor type. In animals initiated with
vehicle control or Mixture 1, only one papilloma was detected
resulting in 3% tumor incidence for each group. Tumor inci-
dence was highest after initiation with DBC (P< .001 compared
with control), ranging from 50 to 90% depending on tumor type.
Tumor incidence was similar for BaP, Mix 2, and Mix 3, all of
which were significant from controls (P< .05) and were not sig-
nificantly different from each other. Actual percent tumor inci-
dence, number of animals per treatment group, and individual
P-values for each tumor type are provided in Supplementary
Data S1. The carcinogenic potential for each PAH treatment
was ranked as DBC>>BaP¼Mix2¼Mix3>Mix1¼Control based
on statistical evaluation of tumor incidence, which was consis-
tent with that previously reported for time until tumor event
and tumor multiplicity for these treatments in mouse skin
(Siddens et al., 2012). Based on this ranking, PAH treatments
were categorized as having low (Mix 1), moderate (BaP, Mix 2,
Mix 3), or high (DBC) carcinogenic potential (Fig. 1B) for evalua-
tion of mechanisms driving PAH-mediated carcinogenesis
in skin.



Overall tumor incidence did not correlate with relative
potency calculated based on BaP equivalency (BaPeq) in Siddens
et al. (2012) in which mixture RPFs are determined using
reported RPFs (US EPA, 2010) for known components. Figure 2A
shows correlation of actual tumor incidence (black circles,
r2¼ 0.09, R¼ 0.5, P¼ .45) compared with predicted tumor inci-
dence from RPFs by Spearman rank. RPF calculations underesti-
mated carcinogenicity of DBC and the coal-tar containing
mixtures (Mix 2 and 3). Induction of Cyp1a1 gene expression
measured by microarray at 12 h postinitiation also correlated



FIG. 1. Classification of PAH and PAH mixture carcinogenic potential based on



tumor incidence. Exposure of female FVB/N mice to PAHs following a 2-stage



initiation/promotion skin tumor protocol resulted in (A) tumor incidence pro-



files of DBC>>>BaP¼Mix2¼Mix3>>Mix1¼Control, based on statistical signifi-



cance (***P< .0001, *P< .05 by 1-way ANOVA with Newman–Keuls multiple



testing correction). Tumor incidence was calculated as the percent incidence for



each treatment based on tumor type. B, Based on this ranking, PAH treatments



were categorized as having low, moderate, or high carcinogenic potential in



mouse skin.
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very poorly with tumor incidence by treatment group (r2¼ 0.004,
R¼�0.30, P¼ .68). Further, DNA adduct formation measured
previously in skin postinitiation (Siddens et al., 2012) did not sig-
nificantly correlate with tumor incidence (r2¼ 0.14, R¼ 0.70,
P¼ .68) as shown in Figure 2B. DNA adducts were more accu-
rately predicted by RPFs than tumor incidence (Fig. 2C), particu-
larly for DBC treatment. Actual adduct formation correlated
with calculated BaPeq (Spearman 0.90, P¼ .083; linear regression
r2¼ 0.95, P¼ .005).



PAHs and PAH Mixtures Have Unique Gene Signatures
Postinitiation
Global gene expression was evaluated in mouse skin by micro-
array 12 h postinitiation with BaP, DBC, and 3 environmental
PAH mixtures in order to identify gene signatures during initia-
tion associated with PAH-induced skin carcinogenesis. Overall,
922 genes were differentially expressed (P< .05) in skin after
treatment with any PAH or PAH mixture compared with vehicle
control; including 137, 246, 97, 428, and 521 genes for BaP, DBC,



FIG. 2. Correlation of traditional endpoints with tumor incidence in mouse skin after exposure to PAHs and PAH mixtures. A, Comparison of actual tumor incidence



measured in skin to predicted tumor incidence calculated from BaP equivalency (BaPeq). Actual tumor incidence did not significantly correlate with calculated RPFs



(Spearman R¼0.50, P¼ .45; linear regression r2¼0.09, P¼ .62). B, Correlation of DNA adduct formation (circles) and expression of Cyp1a1 transcripts (squares) with



tumor incidence by Spearman rank. Linear regression was not significant from zero (P> .43). C, Comparison of actual DNA adducts measured in skin by 32P-postlabeling



(Siddens et al., 2012) to predicted adducts calculated from BaPeq. Actual adduct formation correlated with calculated RPFs with Spearman R¼0.90 (P¼ .08) and linear



regression r2¼0.95 (P¼ .005). D, Global gene expression in mouse skin 12 h postinitiation. Unsupervised clustering of 922 genes differentially expressed (P< .05, 5% FDR)



across all treatments. Enlarged heatmap shows gene cluster of highly differentially expressed genes in BaP, Mix2, and Mix3 groups. Values are log2-fold change for all



treatments compared with control; red, green, and black represent upregulated, downregulated, and unchanged genes, respectively.



138 | TOXICOLOGICAL SCIENCES, 2015, Vol. 146, No. 1



D
ow



nloaded from
 https://academ



ic.oup.com
/toxsci/article-abstract/146/1/135/1662525 by guest on 29 N



ovem
ber 2018











Mix 1, Mix 2, and Mix 3, respectively (Supplementary Data S2).
Comparison of significant genes among treatments is visualized
as a 5-way Venn diagram in Supplementary Data S2. Raw and
normalized Agilent data files are available online at http://
www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc¼GSE39455.
Microarray results were confirmed using RT-qPCR on a subset of
6 genes with decreased, increased, and no significant change in
expression levels relative to control (Larkin et al., 2013).
Unsupervised bidirectional hierarchical clustering of all differ-
entially expressed genes resulted in distinct clustering of biolog-
ical replicates based on treatment group with clear separation
between the individual PAH exposures (BaP and DBC) and the
environmental mixtures (Fig. 2D). Gene signatures did not clus-
ter based on tumor outcome suggesting they were indicative of
treatment-specific responses in skin that were not necessarily
contributing to tumorigenesis. This is further supported by the
fact that the total number of genes differentially regulated by
each treatment group did not correlate with overall tumor inci-
dence (Spearman R¼ 0.3, P¼ .68) and linear regression of these
endpoints was not significant from 0 (r2¼ 0.22, P¼ .43). In partic-
ular, the environmental PAH mixtures containing CTE (Mix 2
and Mix 3) altered the largest number of transcripts in skin post-
initiation; although, did not result in the highest incidence of
skin tumors. Instead, DBC treatment resulted in the highest
tumor incidence while only causing moderate gene expression
in skin postinitiation. Based on the strong similarity in both the
gene expression patterns and overall tumor incidence by Mix 2
and Mix3, it is apparent that their response was either driven by
the CTE alone or by the cumulative effect of diesel exhaust and
CTE present in the mixtures with minimal impact from the
addition of CSC to Mix 3.



Even though the overall transcriptional response was unre-
lated to tumor outcome, there were clusters of genes with gene
expression patterns similar to the tumor profiles for these PAHs
suggesting that a subset of the transcriptional data may be pre-
dictive of tumor outcome. The enlarged heatmap in Figure 2D
shows 1 example cluster of genes that are highly differentially
expressed for BaP, Mix 2, and Mix 3 with a distinct pattern of
response from DBC indicating that this particular gene cluster
may be relevant for initiation of PAH-induced skin cancer.
Genes in this cluster included several phase I and II metaboliz-
ing enzymes known to be involved in metabolism of PAHs,
including Gsta1, Gsta2, Gsta3, Gpx2, Cyp1a1, Cyp1b1, and Nqo1.
Therefore, in order to identify the subset of gene changes during
initiation that may be predictive of tumor outcome, we used the
full gene expression dataset to systematically model gene
changes driving carcinogenesis.



Pathway-Based Classification of Tumor Outcome
We hypothesized that PAH-induced gene regulation from bio-
logical pathways most closely associated with induction of car-
cinogenesis could be predictive of tumor outcome after
exposure. Further, we hypothesized that the mechanism-based
gene signatures associated with these pathways could be used
to classify potential carcinogens based on their carcinogenic
potential. The biological processes that met significance criteria
(as described in the Methods section) for Gene Ontology and
Metacore processes are shown in Figure 3 as a heatmap in
which the most significant functions for each treatment are col-
ored blue and the least significant are colored black. Actual
enrichment P values are provided in Supplementary Data S3.
Overall, the functions enriched in skin after initiation with Mix
2 and 3 are very similar to each other and mostly unique from
the functions enriched for the individual PAH treatments of BaP



and DBC. The most significant processes for mixtures 2 and 3
include those associated with cell cycle, mitosis, and response
to xenobiotic or DNA damage stimulus. Fewer biological proc-
esses are significant postinitiation with BaP and include those
associated with xenobiotic metabolism and response to chemi-
cal stimulus and oxidative stress. There is little overlap in the
processes significant between BaP and DBC and those enriched
postinitiation with DBC include cell cycle, apoptosis, interphase
of mitosis, and ubiquitin-dependent catabolic processes. While
significant enrichment of these functions postinitiation by
PAHs provides a basis for understanding their individual mech-
anisms of action, they do not necessarily indicate which path-
ways are linked to PAH carcinogenic response. In fact, Mix 1,
which did not induce skin tumors, significantly altered several
pathways in common with Mix 2/3 associated with
DNA–protein complex assembly or nucleosome assembly, sug-
gesting that these processes are not associated with carcino-
genic outcome (Fig. 3).



Therefore, in order to systematically filter the significant
pathway list in Figure 3 to only those associated with skin
carcinogenesis, the microarray transcripts from enriched Gene
Ontology and MetaCore processes were evaluated for their
ability to classify the PAH treatment groups based on tumor
outcome utilizing a Bayesian integration framework. This
approach evaluates the ability of the genes differentially
expressed in each pathway to classify the PAH exposures based
on tumor outcome (low, moderate, or high) utilizing the k-near-
est neighbors statistical learning algorithm to build likelihood
probability models for each pathway. A classification accuracy
was calculated for each pathway based on the number of cor-
rectly classified samples compared with the total number of
samples. In this case, each sample is an individual animal or
biological replicate in the study. Since it is likely that multiple
pathways are contributing to the carcinogenic potential of the
different PAHs and environmental PAH mixtures, we integrated
the posterior probabilities of each pathway utilizing a Bayesian
approach to further identify the subset of pathways that result
in the highest classification accuracy when integrated together.
As shown in Figure 4A, 4 pathways have high individual classifi-
cation accuracies, ranging 0.80–0.90, including (1) Response to
DNA damage stimulus, (2) Regulation of apoptosis, (3) Cellular
response to chemical stimulus, and (4) Interferon gamma sig-
naling. When integrated together, the overall classification
accuracy improves and the 4 pathways above predict tumor
outcome with 100% classification accuracy indicating their
importance for the carcinogenic potential of PAHs during
initiation.



A total of 172 genes are represented in the pathways
from Figure 4A and were differentially expressed in skin postin-
itiation by PAHs. The list of genes from the predictive pathways
is provided in Supplementary Data S4. Principal components
analysis (PCA) on this gene set allows for visualization of how
these particular genes, reduced from 55K on the Agilent array,
may be driving tumor response after PAH initiation (Fig. 4B).
Clustering of the samples by PCA clearly distinguishes the sam-
ples based on carcinogenic potential, such that the control and
Mix 1 samples group together (low), the Mix 2, Mix 3, and BaP
samples group together (moderate), and the DBC samples group
together (high). In addition to predicting carcinogenesis of the
PAHs tested in this study, our data suggest that this approach
could also be used to predict carcinogenic potential of unknown
PAHs or environmental PAH mixtures in skin based on short-
term exposure assessment with additional evaluation and
validation.
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FIG. 3. Pathways significantly enriched (P< .05) in skin postinitiation by PAH and PAH mixtures. Functional enrichment analysis was performed in MetaCore (GeneGO,



Thomson Reuters) based on mappings of the significant (P< .05) genes in each treatment group onto built-in functional network processes and Gene Ontology biologi-



cal process categories. Statistical significance for enrichment was calculated using a hypergeometric distribution. All processes included more than 15 genes. Gene



Ontology biological processes were further filtered to include only the top 10 most significant (P<5E�7) processes for each treatment group that were categorized



greater than level 2 in the Gene Ontology tree.
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FIG. 4. Classification of PAHs and PAH mixture treatments based on tumor outcome. A, Bayesian integration of pathways using k-nearest neighbors statistical



learning algorithm with leave-one-out cross validation improves classification accuracy of PAH treatments based on tumor outcome. The color scale for the



heatmaps indicates accuracy for actual versus predicted classification of treatments into the low, moderate, and high tumor categories. Highest classification accuracy



(100%) is indicated in dark shades and lowest (0%) in white. The panel on the left-hand side shows classification accuracy for each pathway individually and the panel



on the right-hand side shows the classification accuracy for all four pathways integrated. B, PCA of the predictive gene set shows separation of treated animals based



on tumor outcome.
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Distinct Transcriptional Regulators Driving PAH-Mediated Gene
Expression in Predictive Pathways
To understand how the pathways predictive of PAH carcinogen-
esis are regulated in skin during initiation, we performed tran-
scription factor enrichment analysis on the significant genes
differentially expressed (out of 172 genes) by each PAH treat-
ment within the predictive pathways. Table 2 lists the transcrip-
tion factors for each treatment that are significantly (P< .05)
overconnected (i.e. transcription factors with a significant num-
ber of downstream target genes that are differentially expressed
in the gene list compared with that calculated by chance). The
most significant transcription factors regulating gene expres-
sion after treatment with BaP, Mix 2, and Mix 3 include Arnt,
Nrf2, and Sp1. In contrast, DBC-treated genes were most signifi-
cantly regulated by Myc and p53 resulting in a relatively higher
tumor response. These results indicate that there are distinct
mechanisms regulating gene expression postinitiation leading
to moderate and high levels of skin tumors after PAH exposure.
The gene regulatory networks associated with each treatment
are shown in Figure 5. Through investigation of the subnet-
works for BaP and the PAH mixtures 2 and 3, it is apparent that
even though they regulate transcription through the same tran-
scription factors, there are many differentially expressed genes
that are unique to each treatment group. The genes that are
regulated in common between BaP and the mixtures primarily
include Phase I and Phase II enzymes important for the activa-
tion and metabolism of PAHs. Most of these genes were not sig-
nificant after treatment with Mix 1 and none were significant
postinitiation with DBC. Overall, however, the treatments asso-
ciated with a moderate tumor response are more similar at the
pathway level than at the gene level suggesting that gene
regulation within pathways make better predictors of tumor
outcome than a suite of individual gene biomarkers.
Transcriptional regulation of genes associated with a high
tumor outcome was mostly unique to DBC treatment (Fig. 5).



DISCUSSION



Environmental mixtures containing PAH chemicals are of con-
tinued and emerging concern because of the existing significant
data gaps for understanding their carcinogenic potential and
their modes of action as carcinogens. Certain individual PAHs,
including BaP and DBC used in our study, are known to produce
tumors in mouse skin, lung, liver, and breast and were recently
elevated to Class 1 known and Class 2A probable human carci-
nogens, respectively (IARC, 2010). However, most human PAH
exposures result from chemical mixtures of multiple PAHs.
Current risk assessment of PAHs primarily relies on the refer-
ence-based approach of applying RPFs compared with BaP
equivalents for estimating carcinogenicity, which assumes a
common mode of action for PAH-induced tumors. We have pre-
viously identified tumor profiles for several individual and



mixture PAHs that did not correlate with calculated RPF values
or with formation of DNA adducts in the 2-stage mouse skin
tumor model (Siddens et al., 2012, Figs 2A and B). For the most
part, calculated RPFs based on BaPeq underestimated potency in
skin. In particular, DBC, which has a reported RPF of 30, was
found to be over 100-fold more potent than BaP in our study.
Also, the PAH mixtures containing CTE (Mix 2 and Mix 3)
induced tumors with similar incidence, multiplicity, and
latency to BaP despite calculated BaPeqs of 0.34 and 0.47, respec-
tively, which suggested much lower potency. We also found
that the addition of CSC in Mix 3 did not produce an elevated
tumor response above Mix 2 as was predicted based on the rela-
tive BaPeq. These data support the idea that RPFs do not accu-
rately reflect carcinogenicity of certain individual PAHs or PAH
mixtures, which likely involve more complex interactions
among PAHs than can be predicted based on BaPeq additivity
resulting in either an under or over estimation of carcinogenic
potential. We therefore decided to evaluate the mechanisms for
initiation of skin tumors by BaP and DBC using gene expression
profiling and determine if reference mixtures reflect similar or
distinct mode of action compared to the individual PAHs.



Pathway-Based Classification of Carcinogenicity
In this study, we propose a method for predicting potency of
PAH chemicals and environmental PAH mixtures based on a
bioactivity profile derived from global transcriptional analysis
short-term postexposure. Using our initial dataset in mouse
skin as proof-of-concept, we provide evidence that a subset of
genes and pathways are capable of classifying PAHs and mix-
tures by carcinogenic potency. This approach does not require a
priori knowledge of individual components in mixtures nor does
it assume a common mechanism of action for all PAHs and mix-
tures. Instead, we propose that chemical-specific signaling after
exposure provides a unique signature or bioactivity profile for
each PAH/mixture that is reflective of its mode of action and
can be used to discriminate carcinogenic potency. Our current
data suggest that gene expressions within four pathways
related to DNA damage, apoptosis, response to chemical stimu-
lus, and interferon gamma signaling were most important for
describing variance in our skin model system associated with
carcinogenesis of PAHs. When all four pathways were
integrated together using a Bayesian framework, samples were
classified correctly by potency nearly 100% of the time.
Therefore, we provide evidence that short-term bioactivity
profiles for a subset of pathways can be used to predict carcino-
genic potential of unknown samples and mixtures.



The use of high-throughput data in toxicogenomics for iden-
tifying gene signatures and biomarkers associated with toxicity
and disease phenotype is increasingly common; however, the
application of systems approaches to risk assessment is still in
the early stages of evaluation (Lesko et al., 2013). We believe that
utilization of these approaches for complex environmental mix-
tures is an excellent case study for risk assessment due to the
significant lack of knowledge regarding mixture toxicity and
constituency. Similar genomic-based models have successfully
been applied to individual chemicals after short-term exposure
to identify modes of action for distinguishing hepatocarcino-
gens from noncarcinogens from in vivo rat and in vitro human
models (Gusenleitner et al., 2014; Song et al., 2012). In particular,
Gusenleitner et al. (2014) noted the tissue-specific responses
observed when modeling carcinogenicity of a broad range of
chemicals from short-term genomic responses. While our study
only utilizes data from skin, it also more directly focuses on
modeling responses to PAHs and PAH-containing mixtures. We



TABLE 2. Transcription factor analysis



Transcription factor BaP DBC Mix 1 Mix 2 Mix 3



ARNT *** ** *** ****
NRF2 **** **** ****
SP1 **** * **** ****
P53 ****
C-MYC ****



****P< .00001, ***P< .0001, **P< .001, *P< .05.
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believe that the results of this more focused dataset could be
extended to other tissues and exposure routes. Transcriptional
signatures have been used successfully to evaluate responses to
complex and binary mixtures in multiple tissues and in a sum-
mary of comparative gene expression analyses induced by vari-
ous complex PAH-containing mixtures in vitro and in vivo,
several consensus pathways were identified associated with
oxidative stress response, metabolism, and immune response
that overlap with our predicted dataset (Huang, 2013; Sen et al.,
2007). For each functional group, different genes were altered by
the extracts supporting our finding that regulation within these
pathways could be used to discriminate toxicity among com-
plex PAH mixtures. Other studies that have modeled nonaddi-
tive effects of polycyclic aromatic compounds in mixtures on
hepatotoxicity utilizing differential gene expression report the
strong correlation of gene response with other toxicity end-
points in vivo, including histopathology, gross physiology (e.g.
liver weight) and hepatic lipid composition (Kopec et al., 2010,
2011). These studies show the benefits of using gene expression
to evaluate quantitative differences in mixture toxicity com-
pared to individual components.



Use of Bioactivity Profiles for Understanding Toxicity Mechanisms
The bioactivity profiles identified through our classification
approach reflect processes contributing toward PAH chemical
mode of action. Network and transcription factor analysis of the
predictive gene clusters further resulted in identification of the
upstream transcriptional regulators associated with skin can-
cer. Overall, we observed distinct gene expression profiles
linked to tumor outcome for PAHs and PAH mixtures. DBC treat-
ment, which had the greatest tumor response, uniquely altered
genes associated with cell cycle and DNA damage pathways



mediated by p53 and c-Myc; while BaP and PAH mixtures con-
taining coal tar were less carcinogenic and altered genes associ-
ated with metabolic and stress response pathways mediated by
Arnt, Nrf2, and Sp1. The latter response is more typical of meta-
bolic changes and induction in Phase I and II enzymes associ-
ated with exposure to PAHs, such as BaP, as shown in purple in
the integrative network in Figure 5. The magnitude of gene
expression for these enzymes was used, in part, to distinguish
and classify PAHs and PAH mixtures based on carcinogenic
potential, including the noncarcinogenic Mix 1 containing only
the diesel exhaust particulate SRM. However, gene expression
for other unique pathways was prognostic for DBC, which
appears to function through alternate modes of action. The
highly distinct mechanisms regulated by different PAHs short
term after exposure suggests activation of unique stress–
response pathways instead of a common mechanism of action
for all PAHs.



These data help to support a whole mixture approach to risk
assessment over a component-based approach, which requires
chemical characterization of complex mixtures and assumes
common mechanisms of actions for all PAHs. Whole mixture
and comparative potency approaches have been proposed by
the EPA and others (Jarvis et al., 2014; US EPA, 2010) as more
appropriate for complex mixtures when chemical characteriza-
tion is not possible. These approaches are also better suited for
evaluating complex chemical interactions within mixtures
because they do not rely on predicting the effects of interactions
(e.g. additive vs inhibitory) based on knowledge of the individ-
ual components. As we observed in our study in the example of
Mix 3, an additive response cannot be assumed. The addition of
CSC to Mix 3 did not result in elevated tumor response as
expected by RPF calculations. Others have reported similar lack



FIG. 5. Network analysis of pathways predictive of PAH carcinogenic potential during initiation in mouse skin. Gene networks for predictive pathways are visualized



for DBC (green), BaP (blue), and Mix2/3 (red). Transcription factors significantly overconnected (P< .05) by hypergeometric distribution to downstream gene expression



networks were identified for each PAH treatment (Table 1) and are highlighted (circles) in the network figure. In particular, DBC displays unique gene expression and



regulation compared with BaP and the PAH mixtures.
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of additive response with PAH mixtures on tumor outcome and
suggested antagonistic effects on metabolizing enzymes as the
cause (Courter et al., 2008). Instead, whole mixture assessment
using mixture assessment factors (as discussed by Backhaus
and Faust, 2010; Jarvis et al., 2014) compares the effects of whole
mixtures based on a molecular biological endpoint, such as acti-
vation of DNA damage signaling. We propose that instead of
focusing on a single endpoint, the whole mixture approach to
risk assessment could be based on bioactivity profiles of pre-
dicted gene sets. Integration across several biological processes
using a Bayesian approach improves overall classification accu-
racy. This approach could potentially be used to determine the
quantitative relationships between modes of action so that bet-
ter potency factors could be calculated for the purpose of evalu-
ating risk among mixtures from various sources. The EPA
Framework for use of genomics data provides that toxicoge-
nomics data may be useful in a weight-of-evidence approach
for assessing risk (Dix et al., 2006). As such, this pathway-driven
approach was successfully utilized to distinguish early regula-
tory events during initiation linked to tumor outcome and
shows the potential of using short-term initiation studies for
prediction of carcinogenesis by environmental PAH mixtures.
These data provide a ‘source-to-outcome’ model that could be
used to predict PAH interactions during tumorigenesis and pro-
vide mode-of-action based risk assessment of environmental
PAH mixtures.



SUPPLEMENTARY DATA
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Abstract
The polycyclic aromatic hydrocarbon (PAH), benzo[a]pyrene (BaP), was compared to
dibenzo[def,p]chrysene (DBC) and combinations of three environmental PAH mixtures (coal tar,
diesel particulate and cigarette smoke condensate) using a two stage, FVB/N mouse skin tumor
model. DBC (4 nmol) was most potent, reaching 100% tumor incidence with a shorter latency to
tumor formation, less than 20 weeks of 12-O-tetradecanoylphorbol-13-acetate (TPA) promotion
compared to all other treatments. Multiplicity was 4 times greater than BaP (400 nmol). Both
PAHs produced primarily papillomas followed by squamous cell carcinoma and carcinoma in situ.
Diesel particulate extract (1 mg SRM 1650b; mix 1) did not differ from toluene controls and failed
to elicit a carcinogenic response. Addition of coal tar extract (1 mg SRM 1597a; mix 2) produced
a response similar to BaP. Further addition of 2 mg of cigarette smoke condensate (mix 3) did not
alter the response with mix 2. PAH-DNA adducts measured in epidermis 12 h post initiation and
analyzed by 32P post- labeling, did not correlate with tumor incidence. PAH- dependent alteration
in transcriptome of skin 12 h post initiation was assessed by microarray. Principal component
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analysis (sum of all treatments) of the 922 significantly altered genes (p<0.05), showed DBC and
BaP to cluster distinct from PAH mixtures and each other. BaP and mixtures up-regulated phase 1
and 2 metabolizing enzymes while DBC did not. The carcinogenicity with DBC and two of the
mixtures was much greater than would be predicted based on published Relative Potency Factors
(RPFs).



Keywords
PAHs; Cyp1a1; Cyp1b1; adducts; relative potency factor; skin1



Introduction
Polycyclic aromatic hydrocarbons (PAHs) are planar aromatic compounds with varying
potencies of carcinogenicity defined by their individual structures (IARC, 2010). PAHs
occur naturally in the environment in fossil fuels such as coal, oil, and tar and are considered
environmental pollutants formed during incomplete combustion (coal, tobacco, diesel,
asphalt, creosote, gasoline, wood smoke, etc.) leading to their presence in air, food and soils
(Lijinsky, 1991; Weissenfels et al., 1992; Lewtas, 2007; Ding et al., 2011). PAHs occur in
the environment typically as mixtures covering a spectrum from non-toxic compounds to
potent carcinogens (Baird et al., 2005; Mao et al., 2007; Allan et al., 2012; Wickramasinghe
et al., 2012). Different types of combustion result in different compositions of PAHs both in
relative amounts and individual PAHs present (Poster et al., 2000). Occupational exposure
to PAH mixtures in aluminum production, iron and steel foundries, fossil fuel processing,
wood impregnation, roofing and road sealing can pose risks for lung, skin, and bladder
cancers (Boffetta et al., 1997; IARC, 2010; Cogliano et al., 2011). Epidemiological studies
support a relationship between dermal exposure to PAHs and skin cancers (Boffetta et al.,
1997; Marczynski et al., 2009; IARC, 2010). One of the most common cancers in Caucasian
populations is non-melanoma skin cancer, recently reported to be on the rise throughout the
world (Lomas et al., 2012). Benzo[a]pyrene (BaP), the most extensively studied
carcinogenic PAH, is classified by IARC as a Group 1 or known human carcinogen (IARC,
2010). Four of the top ten priority pollutants, designated by the Agency for Toxic
Substances and Disease Registry (ATSDR) in 2011, are single PAHs or PAH mixtures
(PAHs, BaP, benzo[b]fluoranthene, and dibenzo[a,h]anthracene) (ATSDR, 2011).



PAHs are carcinogenic in a number of animal models with multiple targets, including skin
(Nesnow et al., 1998; Arif et al., 1999; Darwiche et al., 2007; Courter et al., 2008; IARC,
2010; Wester et al., 2011). Our laboratories have documented that dibenzo[def,p]chrysene
(DBC), formerly referred to as dibenzo[a,l]pyrene, is a potent carcinogen in mice (Marston
et al., 2001; Yu et al., 2006; Mahadevan et al., 2007a; Castro et al., 2008a). Oral
administration results in tumors of the liver, lung, breast, ovaries and hematopoietic tissue.
DBC can also be an effective transplacental carcinogen (Yu et al., 2006a; 2006b;Castro et
al., 2008a; 2008b; Guttenplan et al., 2011; Chen et al., 2012; Shorey et al., 2012).



PAHs require bioactivation through metabolism in order to be mutagenic, carcinogenic or
teratogenic to target cellular macromolecules (Baird and Mahadevan, 2004; IARC, 2010).
With higher molecular weight PAHs, such as BaP and DBC containing a “bay” and/or
“fjord” region, respectively, the most well characterized bioactivation pathway has been
cytochrome P450 (CYP)- dependent epoxygenation, hydrolysis by epoxide hydrolase and a
second CYP epoxygenation to the 7,8-dihydrodiol-9,10 epoxide (BPDE) in the case of BaP,
and to the 11,12-dihydrodiol-13,14 epoxide (DBCDE) in the case of DBC (Shou et al.,
1996; Xue and Warshawsky, 2005; Shimada, 2006). Hydrolysis of the initial epoxide
produces two trans stereoisomers and the second epoxygenation can be above or below the
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plane of the ring; thus, four possible BPDEs or DBCDEs are produced. (Figure 1.) With
BaP, the most mutagenic and carcinogenic BPDE is thought to be (+)-7,8-anti-9,10-BPDE.
PAHs such as BaP and DBC can also be bioactivated through 1-electron oxidations
(peroxidases) producing radical cations (Cavalieri and Rogan 1992;1995), predominantly at
the 1,6- and 3,6-positions. Once formed these radical cations may bind to DNA. The role of
aldo-keto reductases (AKRs) in bioactivation of PAHs has also been demonstrated (Penning
et al., 1996; Palackal et al., 2001; 2002). AKRs effectively convert the PAH dihydrodiol to a
catechol. As with other catechols, a redox-cycling can then occur through 1-electron
reactions to the semi-quinone and quinone. These reversible reactions generate superoxide
anion radical and other reactive oxygen species (ROS) and can also directly react with
nucleophilic sites on DNA. The metabolism of PAHs through peroxidative and AKR-
mediated pathways is consistent with oxidative stress- associated PAH toxicity (Kumar et
al., 2012).



The most important CYPs in PAH metabolism are CYP1A1, CYP1A2, CYP1B1, and to a
lesser extent CYP2C9 and CYP3A4 (Shimada, 2006). Recent evidence from our laboratories
and others has suggested that CYP1B1 plays a predominant role in the toxicity and
carcinogenicity of both BaP and DBC in the mouse (Uno et al., 2006; Castro et al., 2008a).



The murine two-stage skin tumor model has been used extensively to investigate
mechanisms of carcinogenesis (Cavalieri et al., 1991; Higginbotham et al., 1993) and the
inbred FVB strain has been shown to be suitable for initiation/promotion studies (Hennings
et al., 1993). This model is a powerful tool for studying early indicators of “high risk”
papillomas that can develop into invasive squamous cell carcinomas (Glick et al., 2007).
The vast majority of cancer studies in animal models have tested single PAHs.
Unfortunately this is incongruous with the complex mixtures of PAHs to which human
populations are exposed. In this study we sought to examine the relative potency of BaP and
DBC, compared to combinations of some environmentally relevant PAH mixtures. We
hypothesized that early PAH-dependent alterations in the transcriptome of mouse epidermis
following initiation could be correlated with DNA adduct formation at the same time point
and predict probable tumor outcomes. The EPA is currently evaluating the potential of a
Relative Potency Factor (RPF) approach in estimating risk for exposure to PAH mixtures.
Our results demonstrate that, at least with respect to skin cancer following dermal exposures,
the RPF markedly underestimates DBC and PAH mixture potency. Furthermore, alterations
in gene expression 12 h post-initiation suggest the strong possibility that these PAH
treatments are acting through multiple and distinct mechanisms.



Materials and methods
Caution: BaP and DBC are potent carcinogens and should be handled in accordance with
National Cancer Institute (NCI) guidelines. All pure PAHs and mixtures were prepared
under UV depleted light.



Chemicals
BaP and DBC were purchased from Midwest Research Institute (Kansas City MO). Diesel
particulate (SRM 1650b), and coal tar extract (CTE, SRM 1597a) were purchased from the
National Institute of Standards & Technology, Gaithersburg, MD. Cigarette smoke
condensate (CSC) was a gift from Dr. Hollie Swanson, University of Kentucky. RNases,
proteinase K, and Trizol® were purchased from Life Technologies™ (Invitrogen, Grand
Island, N.Y). Dichloromethane, toluene, acetone, and DMSO were obtained from Fisher
Scientific (Pittsburgh, PA). All other reagents were purchased from Sigma-Aldrich (St.
Louis, MO).



Siddens et al. Page 3



Toxicol Appl Pharmacol. Author manuscript; available in PMC 2013 November 01.



N
IH



-PA Author M
anuscript



N
IH



-PA Author M
anuscript



N
IH



-PA Author M
anuscript











Preparation of PAH mixtures
Diesel particulate, SRM 1650b, (200 mg) was placed in a 25 × 80 mm thimble, Schleicher &
Schull # 350217 (Keene, N.H.) and extracted with 200 ml dichloromethane in a Soxhlet
apparatus at 40° C for 24 h. The final extract was concentrated and exchanged into toluene,
and evaporated with N2 gas to a final volume of 10 ml. An aliquot was diluted with toluene
containing 5% DMSO to make PAH mix 1 equivalent to 5 mg/ml diesel particulate extract
(DPE). CTE SRM 1597a, was concentrated to 10 mg/ml by evaporating with a stream of N2
gas. PAH mix 2 (DPE+CTE) contained 5 mg/ml DPE and 5 mg/ml CTE. CSC was received
as a 40 mg/ml stock solution in DMSO. In order to keep the final DMSO concentration at or
below 5%, CSC was evaporated in a Savant Speed Vac centrifuge to 200 mg/ml and was
diluted to 40 mg/ml with toluene. PAH mix 3 was comprised of mix 2 plus 10 mg/ml
cigarette smoke condensate (DPE +CTE + CSC).



Skin tumor study
All procedures were conducted according to National Institutes of Health guidelines and
were approved by the Oregon State University Institutional Animal Care and Use
Committee. Six-week-old, female FVB/N inbred mice were obtained from the NCI-
Fredrick’s Animal Production Program (Frederick, MD). Most of the historical skin tumor
data from our laboratory has been done with the Sencar mouse. The FVB/N strain was
chosen because an inbred strain is more suitable for gene profiling, it has been proven to
give a robust tumor response to chemically initiated carcinogenesis and could be readily
backcrossed into specific knockout or transgenic mouse models for future studies. Mice
were acclimated for ten days and fed AIN93-G pellets, Research Diets, Inc. (New
Brunswick, N.J.) throughout the experiment. Animals were housed in micro-ventilated
racks, four animals per cage on a standard 12 h light/dark cycle, at 22°C and 40-60%
humidity. At 7.5 weeks of age, mice were shaved on their dorsal surface and allowed to rest
48 h to confirm that animals were in the resting phase of the hair growth cycle. The
following initiation treatments were applied to groups of 36 mice by slowly pipetting
solutions on the shaved area; toluene vehicle control (200 μl), BaP 400 nmol (100 μg), DBC
4 nmol (1.2 μg), DPE 1 mg (mix 1), DPE 1 mg + CTE 1 mg (mix 2), or DPE 1 mg + CTE 1
mg + CSC 2 mg (mix 3). In order to handle the large sample sizes, mice were shaved and
initiated in three different cohorts separated by a one week start time. Multiple animals for
all treatments were included within each cohort. Two weeks post-initiation, a 25-week
promotion regimen was begun, treating animals twice weekly with 12-O-
tetradecanoylphorbol-13-acetate (TPA), 6.5 nmol in 200 μl acetone. Mice were observed
and tumor incidence recorded weekly throughout the 25-week promotion interval. Following
promotion, all animals were euthanized and necropsied. Skin tumors were removed and
immediately fixed in buffered formalin. Trimmed tumors were embedded in paraffin.
Haematoxylin and eosin-stained sections were analyzed by histopathology to determine
degree of progression from papilloma to squamous cell carcinoma.



DNA extraction from PAH-treated epidermis
For measurement of DNA adduct levels, groups of 10 mice were treated with initiators as
above and euthanized 12 h post-treatment by a combination of CO2 and cervical dislocation.
Epidermal cells were harvested using the method of (Slaga et al., 1974). Shaved dorsal skin
was removed and treated with Nair™ depilatory cream (Church & Dwight Inc., Princeton,
N.J.) for 8 min to remove hair from follicles. Skin was wiped with sterile water and
submerged in a 58°C water bath for 30 s then submerged in an ice water bath to loosen the
epidermal layer. Epidermal cells were scraped away from the dermis with a razor blade and
snap frozen in liquid N2. Samples from two mice were pooled and homogenized in 0.5 ml
buffer (5 mM Tris, 5 mM EDTA,100 mM NaCl, 2 mM CaCl2, 1% (w/v) SDS, pH 8.0) using
a Tissue Tearor™ (BioSpec Products, Inc. Bartlesville, OK). Homogenates were treated
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with 10 μl RNase, (DNase free 50 U/ml) and 10 μl RNase T1 (1000 U/ml) and incubated at
37°C for 1 h followed by addition of 20 μl of proteinase K (20 mg/ml) and incubated at 55°
C for 2 h. DNA was extracted with 25:24:1 phenol:chloroform:isoamyl alcohol, precipitated
with 100% ethanol, washed with 75% ethanol, and dissolved in DNase-free water.



DNA adducts analysis by 32P-postlabeling
DNA adduct formation was measured for each sample using the nuclease P1 enrichment
version of the 32P-postlabeling method as described previously (Phillips and Arlt, 2007; Arlt
et al., 2008). Briefly, DNA samples (4 μg) were digested with micrococcal nuclease (120
mU, Sigma, UK) and calf spleen phosphodiesterase (40 mU, Calbiochem, UK), enriched
and labelled as reported. Solvent conditions for the resolution of 32P-labelled adducts on
polyethyleneimine-cellulose thin-layer chromatography (TLC; Macherey-Nagel, Düren,
Germany) were: D1, 1.0 M sodium phosphate, pH 6.0; D3, 4 M lithium-formate, 7 M urea,
pH 3.5; D4, 0.8 M lithium chloride, 0.5 M Tris, 8.5 M urea, pH 8.0. DNA adduct levels
were calculated from the adduct dpm, the specific activity of [γ-32P]ATP (Hartmann-
Analytic, Braunschweig, Germany) and the amount of DNA (pmol of DNA) used. As in
prior studies, total DNA adduct levels were measured in the diagonal radioactive zone
(DRZ) area of the TLC plates and were considered representative of PAH-DNA and other
aromatic/hydrophobic adducts resistant to nuclease P1 digestion (Tang et al., 2001). The
method provides a summary measure of a complex mixture of adducts present in the
postlabeling chromatograms. Results were expressed as DNA adducts/108 nucleotides. An
external BPDE-DNA standard was employed for identification of adducts in experimental
samples (Phillips and Castegnaro, 1999).



RNA extraction from PAH-treated skin
Five mice per treatment group were given one initiation dose using the same techniques and
treatments as described in the tumor study. Shaved skin was harvested 12 h after treatment
and RNA extracted for gene expression analysis. In order to eliminate RNase degradation,
epidermis and dermis layers were kept intact, removed as one piece and snap frozen in
liquid nitrogen. A 1-cm2 section of frozen skin was placed in a 15-ml sterile, disposable
conical homogenizer, VWR Scientific Inc. (San Francisco, CA.) and homogenized in 2 ml
Trizol® reagent. RNA was extracted according to the manufacturer’s instructions followed
by a clean-up step using an RNeasy® mini kit, Qiagen Corp. (Valencia, CA.). RNA was
quantitated on a Nanodrop spectrophotometer, Thermo Scientific (Wilmington, DE.).
Acceptable A260/A280 ratios were 1.9-2.2. Sample quality was confirmed by examining18S
and 28S peaks using an Agilent Technologies Bioanalyzer 2100 (Santa Clara, CA.); RNA
samples with relative integrity numbers of 6.5 or greater were used in array analysis.



Gene profiling with Agilent microarrays
The RNA was labeled with Agilent’s 2 color Quickamp kit and the platform utilized was the
Agilent 8X60 K mouse array.



Statistical analysis
Time to first tumor was initially compared across the six treatments using the Wilcoxon and
Log-rank tests followed by pairwise comparisons (with Tukey adjustment) in the SAS
Lifetest procedure version 9.3, SAS Institute, Cary, NC. For the 4 treatments with greater
than 10% incidence a more complex and conservative shared frailty model was also fit due
to evidence of differences in treatment effects across the cohorts in the study. The model
was fit with the SAS Phreg (Proportional Hazards regression) procedure with the random
clusters being the treatment groups within each cohort. Because all treatment differences are
either very large or very small, the conclusions did not change using the more complex
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model and only the simpler initial tests results are shown. The four treatments (BAP, DBC,
Mix 2 and Mix3) with more than 1 tumor-bearing animal (TBA) were compared with
respect to their tumor multiplicity per TBA. The exact Kruskal-Wallis (K-W) rank test (SAS
npar1way procedure) was used to compare multiplicity for three of the treatments (BAP,
Mix 2 and Mix 3) because no evidence was found of cage or cohort differences within those
treatments (p>0.3 all 3 K-W tests). DBC multiplicity was compared to the other three
treatments with more conservative tests due to evidence of cage differences within that
treatment (p<0.005 K-W test). The more conservative and approximate model was a linear
mixed model with log of multiplicity as the response and heterogeneous random cage effects
that are allowed to be different for the DBC treated group (SAS Mixed procedure).



Quality control analysis was performed on preprocessed data in GeneSpring v.11 (Silicon
Genetics) software using feature intensity distributions from Box-whisker plots to determine
interquartile range span and median intensity value across the experiment. The intra-group
versus between-group comparisons were made using correlation matrix plots, followed with
principle components analysis to determine potential outliers. Raw Agilent intensity data
were background subtracted and quantile-normalized by RMA summarization as described
by (Bolstad et al., 2003). Statistical analysis was performed by one-way ANOVA for
unequal variances (Welch’s ANOVA) with Tukey’s posthoc test and 5% FDR.
Unsupervised bidirectional hierarchical clustering of microarray data were performed using
Euclidean distance metric and centroid linkage clustering to group treatments and gene
expression patterns by similarity. Principal components analysis was performed on condition
using non-transformed normalized intensity values. The clustering algorithms, heat map
visualizations and centroid calculations were performed in GeneSpring software based on
log2 expression ratio values. Functional analysis was performed in Bioinformatics Resource
Manager v2.3 (Shah et al., 2007) using the DAVID functional annotation tool (Huang da et
al., 2009), which utilizes the Fisher Exact test to measure gene enrichment in biological
process Gene Ontology (GO) category terms for significant genes compared to background,
which included all genes on the Agilent platform.



Results
Time to tumor, multiplicity, and progression



Toluene control and diesel extract (mix 1) treatment groups were similar in time to tumor
(p>0.5). These two treatments were also very different from the other treatments (p<0.0001
for all pairwise comparisons). BaP and the remaining two mixtures, DPE + CTE (mix 2),
and DPE + CTE+ CSC (mix 3), had similar outcomes to one another for time until tumor
event (p>0.5 all 3 pairwise comparisons) and were different from controls (p<0.001), DPE
(p<0.001) and DBC (p<0.001) (Figure 2). Control and mix 1 produced only one papilloma
in the entire group (3% incidence) by the end of twenty weeks of promotion and therefore
were not used in statistical modeling of tumor multiplicity. BaP, mix 2 and mix 3, were also
similar in tumor multiplicity with 2.88 ± 2.33, 2.03 ± 1.42, and 2.21 ± 1.14 tumors per
tumor-bearing animal, respectively (Figure 3). DBC was different from all the other
treatments with respect to time to tumor formation (p<0.001, Figure 2) and multiplicity, 7.88
± 3.48 tumors per tumor-bearing mouse (Figure 3). Tumor progression was assessed from
initial hyperplasia and classified as dysplasia, papilloma, carcinoma in situ, or squamous cell
carcinomas (Figures 4 and 5). With only one papilloma, DPE application to the skin did not
elicit a carcinogenic response. The overall trend was again seen with respect to a similarity
between BaP (32 mice), mix 2 (34 mice) and mix 3 (33 mice) with hyperplasia in 14, 14,
and 12 animals; papillomas in 25, 25, and 27 animals; and carcinoma in situ in 8, 2, and 6,
animals, respectively. BaP treatment resulted in a slightly higher incidence of squamous cell
carcinomas (17) compared to mix 2 and mix 3 (10 and 7, respectively). DBC was far more
potent, producing 37 total hyperplasias and 125 papillomas. Although the total number of all
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tumor types was greater with DBC, the rate of progression from papilloma to carcinoma in
situ and squamous cell carcinoma showed similar ratios as BaP, 28 cases of carcinoma in
situ and 75 squamous cell carcinomas.



DNA adduct formation in mouse skin
DNA adducts were quantified at 12 h in skin of the mouse following one initiation treatment
with BaP, DBC, or a PAH mixture. Adducts migrating across the diagonal radioactive zone
(DRZ) of the TLC image were compared and expressed as total adducts (Figure 6). BaP had
over three times the level of total DNA adducts compared to DBC (141 ± 37 versus 45 ± 13
adducts/108 nucleotides, Figure 6A). As shown in Figure 6B the TLC autoradiogram for the
BaP-treated mouse skin DNA showed one major spot; this adduct was identified as reported
previously (Arlt et al, 2008) as 10-(deoxyguanosin-N2yl)-7,8,9-trihydroxy-7,8,9,10-
tetrahydrobenzo[a]pyrene (dG-N2-BPDE) that co-migrated with the (±)-7,8-anti-9,10-
BPDE-DNA standard. DBC produced a less intense spot with a similar mobility to the
BPDE-DNA standard plus two additional spots; one major, faster migrating and a minor
slower one. Our laboratory has seen a similar pattern when comparing B[a]P and DBC 32P-
post labeled adducts at 24 h post initiation in Sencar mice (Courter et al. 2008). Buters et al.
(2002) showed embryonic fibroblasts from wild type mice produced three major and two
minor adduct peaks 24h after treatment with 100nM DBC. Four of the peaks formed from
(-)-anti-DBCDE and two peaks from (+)-syn-DBC. All three PAH mixes produced only one
spot on the TLC autoradiogram similar to the location of the (±)-7,8-anti-9,10-BPDE-DNA
standard. DNA adduction formation as determined by 32P post-labeling, 12 h following
PAH administration, did not predict the relative tumor potency of BaP, DBC or the PAH
mixtures.



Gene expression in mouse skin
Global gene analysis using Agilent microarrays resulted in a total of 922 genes expressed at
significant levels (p<0.05, 5% FDR) across all treatment groups compared to toluene
controls. Raw and normalized Agilent data files are available online at http://
www.ncbi.nlm.nih.gov/geo/query/. Principal components analysis of the 922 significant
genes showed strong separation of the data based on PAH exposure with biological
replicates clustering by treatment group (Figure 7). Mix 2 and 3, which both contained
diesel exhaust and coal tar extract, had overlapping clusters indicating similarity in gene
expression between these groups. Mix 1, which included the diesel exhaust, did not cluster
with the coal tar mixtures, indicating the gene expression changes in mix 2 and 3 were
driven by the coal tar extract. Instead, mix 1 clustered closely with the toluene control group
consistent with its lack of potency and also had the fewest number of differentially regulated
genes relative to the other treatments. In comparison, the BaP and DBC clusters were
distinct from each other and from all the mixtures. The certified concentration of B[a]P in
CTE (NIST SRM 1597a) used in mix 2 and 3 was 93.5 ± 1.4 mg/kg. We applied 1 mg CTE
which translated to 0.094 μg/animal, about 0.1% of the BaP treatment, and an RPF of 0.34
BaPeq compared to 100 for the B[a]P treatment. This suggests there were additional
components in the CTE driving the carcinogenic alterations in mouse skin transcriptome
resulting in a similar tumor response in BaP, mix 2 and 3.



The results indicated that the coal tar extract was likely driving the carcinogenic potential
and the transcriptional response of the PAH mixtures. In order to look more closely at gene
transcription by coal tar extract, the three PAH mixture treatments were directly compared
to each other to identify genes regulated in common between mixtures 2 and 3, but unique
from mixture 1. A Venn diagram comparing the alteration in gene expression in the skin, 12
h after application of the PAH mixtures, demonstrated that there were 234 genes in common
when comparing mix 2 and 3 to toluene controls (Figure 8A). Visualization of these genes in
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a heatmap confirms that they are regulated in common (based on direction and magnitude)
between mix 2 and 3, but were not regulated by mix 1 (Figure 8B). Since these genes in
particular may provide insight into mechanisms associated with induction of skin
tumorigenesis, the biological processes significantly (p<0.05) enriched for this gene set were
identified. The major gene pathways up-regulated were associated with xenobiotic metabolic
response, carbohydrate biosynthesis and hemopoiesis, whereas down-regulated pathways
included genes associated with DNA repair, microtubule cytoskeleton organization, mitotic
sister chromatid exchange, M phase of the cell cycle and nucleosome assembly (Figure 8B).



Many of the genes up-regulated by mix 2 and 3 and associated with xenobiotic metabolic
response were also significantly up-regulated (p<0.05) by BaP treatment, including strong
induction (4-fold change or greater) of Cyp1a1 and Cyp1b1 (Figure 9). Consistent with its
lack of potency in producing skin tumors after 25 weeks promotion, the diesel particulate
extract (mix 1) had only a modest impact on CYP enzyme expression. Interestingly, an
initiation dose of DBC did not induce expression of either gene and, in fact, resulted in a
trend towards down regulation of Cyp1a1 and Cyp1b1 that did not reach statistical
significance. With respect to phase 2 enzymes, which are expected to contribute to the
detoxication of DBC, a similar pattern was again seen across the PAH treatment groups
(Figure 9). Up-regulation was fairly robust by BaP, mix 2 and 3 for NAD(P)H-quinone
oxidoreductase 1 (Nqo1), glutathione-S-transferases Gsta1, and Gsta2 as well as gamma
glutamylcysteine synthetase (Gclc). Alteration in expression of Gstp1, Gstp2 and Gstm5 was
much more modest and, in fact, expression of the latter Gsts was less with BaP than seen
with mix 2 or mix 3 (Figure 9). DBC again gave quite different results with modest
decreases or no change in expression of these phase 2 enzymes.



Discussion
The mouse skin initiation-promotion model has been used extensively to assess the
carcinogenicity of numerous PAHs, singularly and as mixtures (IARC, 2010) (LaVoie et al.,
1993). The EPA and other agencies use this data, along with results from other animal
models, to assess the RPF for PAHs. In this study we employed female FVB/N mice to
compare the potency of some complex PAH mixtures found in the environment to the
characterized skin carcinogens BaP and DBC. Given the marked increase in tumor
incidence, multiplicity and time-to-tumor formation with DBC at 1/100 the molar dose of
BaP, we assert that the potency of DBC in this two-stage skin tumor model was more than
100-fold greater than that of BaP and is inconsistent with the current EPA estimate of a
BaPeq of 30 for DBC. (Figures 2 and 3). At 100 μg, the RPF of BaP was 100 and DBC 36
μg BaPeq (1.2 μg × 30). The yield of squamous cell carcinomas was also greater with the
1/100-fold lower DBC dose than with BaP (Figure 4). Thus, the RPF of DBC in this model
is much greater than the currently proposed value of 30 (BaP set at 1). To determine a more
accurate RPF for DBC in this model, we would need to conduct a dose-response study.



Examining the results with the environmental PAH mixtures, a similar underestimation of
potency can be seen. Based on the published RPFs for the PAHs in the coal tar extract (SRM
1597), the RPF for mix 2 would be 0.34 μg BaPeq and one would predict a much weaker
tumor response compared to BaP alone; however the incidence, latency, multiplicity and
tumor type were no different. It is entirely possible that DBC and the mixtures exhibit
greater promotional activity than BaP (i.e., are more complete carcinogens). Certainly, with
the mixture extracts, there are other components that could be capable of enhancing the TPA
promotional activity. These results were somewhat unexpected given previous
demonstration that this same PAH mixture inhibits the metabolic activation of BaP and DBC
in MCF-7 cells (Mahadevan et al., 2005) and V79 cells expressing either CYP1A1 or
CYP1B1 (Mahadevan et al., 2007b). The experimental design employed was novel in that
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we wanted to assess the effect of “mixtures of mixtures”. The lack of response with diesel
extract is consistent with the low RPF of 0.004 μg BaPeq. It would also appear that the
increase in RPF (0.47μg, or 0.13 μg above mix 2) with the addition of CSC did not affect
carcinogenicity. It is apparent though that the current RPF system for estimation of
carcinogenic potency of environmental PAH mixtures or even individual PAHs such as
DBC, is inadequate. Our previous observations have shown that individual PAHs exhibit
less than additivity and can compete with more potent individual PAHs for the same
enzymes (Courter et al., 2006; 2008, Mahadevan et al., 2007a) It is also unlikely that
complex environmental PAH mixtures have been exhaustively characterized with respect to
all components and accurate RPFs determined. It would seem a more prudent approach
when conducting risk assessments to utilize RPFs of mixtures rather than a summation of
individual PAHs. It would also seem prudent to more thoroughly test PAHs such as DBC
that exhibit high carcinogenic potency (levels of DBC are rarely reported in environmental
samples) using additional models (both in vivo animal models and in vitro human cell
models). The distinct pattern of gene expression with DBC also raises an important question
with respect to whether or not all PAHs are carcinogenic through the same mechanism of
action (MOA) which is important with respect to whether or not an RPF approach for
carcinogenic risk assessment for mixtures is appropriate.



Another conclusion from this study is that PAH-DNA adduct formation in skin after single
administration did not predict the final tumor response (Figure 6). Based on the total DNA
adducts present in skin 12 hours post-initiation, one would predict that BaP would give the
most robust tumor response (3-fold greater than DBC). Measuring adducts at one time point
may not be sufficient for comparing these particular PAHs; however (Courter et al. 2008)
found similar results at 24 h in Sencar mice. An attempt was made to investigate a time
when adduct formation would be at peak levels. The 12 h post initiation time was chosen for
measuring DNA adduct formation based on previous work in our lab (Marston et al., 2001).
Sencar mice treated topically with BaP showed peak DNA adduct levels at 12 h. Adduct
levels in DBC treated animals peaked at 12 h and were sustained until 24 h post treatment. It
has been well documented that PAH structural features (Geacintov et al. 2002, Wu et al.,
2002), specific types of adducts formed (Dreij et al., 2005), DNA repair enzyme recognition
(Braithwaite et al., 1999), and replication bypass fidelity (Lagergvist et al., 2011) all
contribute to levels of PAH caused mutagenicity. BaP forms predominantly adducts at the
N2 position of dG while DBC forms more at the N6 position of dA. The bay region
containing BaP is a planar, less flexible molecule compared to the fjord containing DBC.
These two structural features in DNA adduct formation are thought to enable DBC adducts
to sit in the large groove of the helix and be unrecognized by repair enzymes (Geacintov et
al., 2002). Initial DNA damage, persistence of the damage, as well as the mutagenic
specificity of individual DNA adducts, all contribute to the mutagenic potency and
subsequently carcinogenic potency of the tested PAHs. This suggests that one must be
cautious in interpretation of DNA adduction as a biomarker of PAH dependent skin
tumorigenesis, especially if relying on a single time point or comparing PAHs that may be
bioactivated through a variety of pathways.



In order to determine similarities and differences in comparing DBC, BaP and the PAH
mixtures with respect to potential mechanisms of action, we examined alterations in the
transcriptome of the skin 12 h post-initiation. A total of 922 genes were significantly up or
down regulated cumulatively for all treatment groups relative to the toluene control. PAHs
are known to exert toxicity, including carcinogenesis, through alteration of Ahr-regulated
genes (Andrysik et al., 2011). As expected BaP and the mixtures containing coal tar extract
significantly induced both Cyp1a1 and Cyp1b1. The response with DBC was unexpected.
Although DBC is a much more potent skin carcinogen, dermal Cyp1a1 and Cyp1b1
expression was not induced but was slightly decreased (Figure 9). PAHs are also known to
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exhibit toxicity through induction of oxidative stress (Kumar et al., 2012). A number of
genes regulated by the Keap 1- Nrf-2 signaling system (Niestroy et al., 2011) were up-
regulated by BaP and the coal tar-containing mixtures but, again, DBC had no effect or
slightly down-regulated expression (Figure 9). Principal component analysis confirmed that
DBC altered a set of genes that did not cluster with BaP or the coal tar-containing mixtures
(Figure 7). In support of the enzyme expression profiles and clustering analysis, we
observed that the biological process, response to xenobiotic stimulus (GO:0009410), was
significantly (p<0.05) enriched by BaP and not by DBC. In fact, the genes in this category
were strongly up-regulated by BaP and either not changed or slightly down-regulated by
DBC at 12 hours post-initiation. These data suggest that BAP may be inducing a protective
response early during initiation through up-regulation of xenobiotic metabolism, while DBC
exposure may result in a less protected cellular environment resulting in a higher tumor
incidence. Future studies will examine the regulatory differences between BaP and DBC to
understand how early changes during initiation may contribute to tumor outcome.



The principal components analysis also revealed that the coal tar mixtures clustered
separately from both DBC and BaP (Figure 7). Our study shows that the coal tar extract is
driving both the tumor incidence and gene expression profiles of the environmental PAH
mixtures. Therefore, we focused our bioinformatic analysis of the transcriptional data on
genes that are expressed in common between mixtures 2 and 3, but unique from mixture 1,
to identify mechanisms associated with skin tumorigenesis. The Venn diagram (Figure 8A)
shows that over 50% of the genes altered by mix 2 or 3 (270 out of 428 or 521, respectively)
were shared between them and only a fraction of these genes (13% or 36 out of 270) were
also shared with mix 1. These results call into question whether or not PAHs, in such
environmental mixtures, share a common mode of action (MOA), an assumption important
in utilizing an RPF approach in risk assessment. Functional analysis of the genes specific to
the coal tar PAH mixtures (Figure 8B) suggest that down-regulation of DNA repair and cell
cycle processes and up-regulation of xenobiotic metabolism are consistent with the
enhanced tumorigenicity of these mixtures compared to diesel extract.



In conclusion, the results from this study suggest that an approach to assessing the
carcinogenicity of PAH mixtures employing RPFs of individual PAHs has some potential
areas of concern. We found DBC and PAH mixtures containing coal tar to have potency as
skin carcinogens much greater than would be predicted from the RPFs. A common
biomarker to predict carcinogenicity, covalent DNA adducts, did not predict final tumor
response. An RPF approach to risk assessment also assumes (as with TEQs) for dioxins/
dibenzofurans (Gies et al., 2007) a common MOA. Our examination of PAH-dependent
alterations in the transcriptome from mouse skin calls into question whether or not a
common MOA can be assumed. The pattern with DBC was markedly different than BaP and
the coal tar-containing mixtures were distinct when compared to either BaP or DBC. Of
course, an important caveat to this conclusion is that we sampled a single time-point of 12
hours. The pathways in the Figure 1, in addition to the well studied Cyp driven diol
epoxides, include peroxidase formation of radical cations and AKR formation of o-quinones.
Further studies looking at the role of these additional pathways as mechanisms of DBC
bioactivation and inhibition of Cyps should be done to broaden our understanding of the
complexities and differences among different PAHs and mixtures of PAHs. Further study is
needed to determine how the distinct gene clustering in mouse skin at this time point relates
to the tumor response in this 25-week two stage initiation-promotion model.
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Highlights



• Dibenzo[def,p]chrysene (DBC) and 3 PAH mixtures were compared to
benzo[a]pyrene (BaP).



• DBC and 2 PAH mixtures were more potent than Relative Potency Factor
estimates.



• Transcriptome profiles 12 hours post initiation were analyzed by microarray.



• Principle components analysis of alterations revealed treatment-based
clustering.



• DBC gave a unique pattern of gene alterations compared to BaP and PAH
mixtures.
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Fig. 1.
Metabolic pathways for bioactivation of PAHs using the fjord containing
dibenzo[def,p]chrysene as an example. From left to right, the peroxidase pathway resulting
in radical cations which may be capable of forming DNA adducts. The most well
characterized P450 CYP dependent epoxygenation hydrolysis by epoxide hydrolase shows
one of two (+) and (-) trans- DBC-11,12 DHD products followed by epoxygenation to one
of four DBCDE products capable of adducting to macromolecules such as DNA. Also
shown is the AKR pathway producing semi-quinones and quinones. *These reversible
reactions can produce radical oxygen species resulting in additional oxidative stress.
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Fig.2.
Kaplan-Meier estimation of percent tumor bearing animals throughout 25 wk of promotion
with TPA (6.5 nmol/200 μl), twice weekly starting two weeks post initiation. Initiation
doses were 200 μl toluene (Ctrl), 400 nmol (100 μg) BaP, 4 nmol (1.2 μg) DBC, 1 mg DPE
(mix 1), 1 mg DPE + 1 mg CTE (mix 2), and 1 mg DPE + 1 mg CTE + 2 mg CSC (mix 3).
Individuals that died tumor free before the end of 25 weeks and those that were tumor free at
the end of 25 weeks were censored and are indicated by an *.
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Fig. 3.
Tumor multiplicity in tumor-bearing animals (TBA, female FVB/N mice) with at least one
tumor after initiation with a carcinogen followed by 25 wk of promotion with TPA. Dots
represent individual animals with at least one tumor at the end of promotion; mean numbers
of tumors in a given treatment represented by line. The number of mice surviving to 10
months in each group from the initial 35 is indicated below the treatments.
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Fig. 4.
Proportional incidence of hyperplasia, dysplasia, papillomas, carcinoma in situ (CIS), and
squamous cell carcinoma (SCC) in each treatment group, determined by histopathology as
described in Materials and Methods.
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Fig. 5.
Histopathology of epidermal hyperplasia, squamous papilloma and squamous cell carcinoma
of the skin.
A. Low (left) and high (right) magnification of skin with epidermal hyperplasia. In the low
magnification, normal thickness of the epidermis is shown on the left (arrow head) and
increased thickness of the hyperplastic epidermis on the right (arrow). While the number of
cell layers is increased, keratinocytes progress in the same orderly manner from basal cells
(arrow head) at bottom to fully keratinized cells (arrow) at top as they do in normal
epidermis.
B. Low (left) and high (right) magnification of skin with squamous papilloma. At lower
magnification, the small, protruding mass is bordered by epidermis of normal (left) to
slightly increased thickness (right). It comprises a fibrovascular core (asterisk) covered with
very thick epithelium that, at high magnification, recapitulates orderly keratinization of basal
cells (arrow head) to fully keratinized cells (arrow) of normal and hyperplastic epidermis
shown in A.
C. Low (left) and high (right) magnification of skin with squamous cell carcinoma. At low
magnification, the plaque-like mass has a flat to umbilicated top (asterisk) and deeply
infiltrates into the subcutis (arrow heads). At higher magnification, keratinocytes are
arranged in solid nests. Individual keratinocytes (arrow) and groups of keratinocytes (arrow
heads) haphazardly keratinize without orderly progression. A concentrically layered keratin
pearl is present at the upper right (asterisk in center). Note that high magnification is not the
same as in A and B.
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Fig. 6.
DNA adduct formation in FVB mouse skin tissue 12 h post-treatment with 200 μl toluene
(Ctrl), 400 nmol (100 μg) BaP, 4 nmol (1.2 μg) DBC, 1 mg DPE (mix 1), 1 mg DPE + 1 mg
CTE (mix 2), or 1 mg DPE + 1 mg CTE + 2 mg CSC (mix 3). DNAadducts were measured
by the nuclease P1 enrichment version of 32P-postlabeling method. (A) Bars represent mean
± SD, N=5 pools, 2 mice/pool. Total adducts were measured across the DRZ, diagonal
radioactive zone of the TLC autoradiogram. (B) Representative autoradiograms showing
DNA adduct profiles.
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Fig. 7.
Principal components analysis of gene expression data by treatment. Each data point
represents a biological replicate (N=4 per treatment). All genes differentially regulated
(p<0.05) between treated and toluene control were included in analysis. Replicates cluster
based on treatment group. Toluene control = pink; Mix 1 = brown; Mix 2 = gray; Mix 3 =
green; B[a]P = red; DBC = blue.
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Fig. 8.
Comparison of differentially expressed genes among PAH mixture treatments by Venn
diagram (A). Values represent genes significant (p<0.05) versus toluene control. Genes
common between mix 2 and mix 3, but unique from mix 1 are shown as a heatmap (B).
Values in heatmap are fold-change (Log2) compared to toluene control (red is up regulated,
green is down regulated and black is no change). GO biological processes significantly
enriched (p<0.05) for up or down regulated genes are shown.
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Fig. 9.
Gene expression of select xenobiotic metabolizing enzymes, including Phase 1 CYP
enzymes and Phase 2 enzymes, regulated by PAH mixtures 2 and 3. Values are average
Log2 fold-change (± SE) for each treatment group (N=4 biological replicates) measured by
Agilent microarray. *Indicates p<0.05 compared to toluene control.
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ATTACHMENT G 











What is Benzo[a]pyrene?



Background
The Oregon State University Superfund Research Program studies 
polycyclic aromatic hydrocarbons at Superfund sites. We prepared this 
fact sheet to clarify the proposed changes to Portland Harbor.



The United States Environmental Protection Agency (EPA) evaluates the 
toxicity of chemicals through a standard process. In January of 2017, 
based on current research, benzo[a]pyrene (BaP) was updated and is now 
considered to be 7 times less toxic for humans through ingestion and skin 
contact than previously thought.  For Portland Harbor, the risk assessment 
considered risk for both adults and children. The new value 
is considered protective of human health. 



BaP is a polycyclic aromatic hydrocarbon (PAH). PAHs are pollutants found 
in the air, water, soil and food. The primary source of PAHs is 
from burning carbon-containing compounds, such as wood, petroleum 
and fuel. They are also found in gasoline and diesel exhaust, soot and cigar 
/ cigarette smoke.



BaP is a carcinogen. This means that continued, high exposure increases 
cancer risk. The EPA update also includes a non-cancer risk factor. 



• ~$35 million saved
• ~17 fewer acres remediated
• Reduced toxicity values for 



7 carcinogenic PAHs
• Other PAHs unchanged 



PAHs can be man-made and can 
occur naturally. 



What does this mean?
The change in benzo[a]pyrene toxicity may impact the planned clean-up  
of the Portland Harbor Superfund site. In addition to changing the toxicity 
of BaP, the change will affect six additional carcinogenic PAHs, for a total 
of 7 PAH toxicity values changed.



BaP is used as a standard for 6 other carcinogenic PAHs. 
How it works: BaP is assigned a factor of 1. The other 6 PAHs are 



assigned a value relative to BaP. This value shows if they are considered 
more or less carcinogenic than BaP. This graph shows the relative 
potency of these 7 PAHs at current levels (dark blue bars), and at the 
proposed new levels (light blue bars) 
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Common Sources of PAHs



Proposed changes to Portland Harbor Superfund



What changes?



OSU Research on BaP and potency factors
Mechanism-based classification of PAH mixtures to predict carcinogenic 
potential. By S. Tilton et. al. 2015. Toxicological Sciences 146(1): 135-145. 
Results indicate that using BaP to evaluate carcinogenicity of other PAHs is 
insufficient.



Polycyclic aromatic hydrocarbons as skin carcinogens: Comparison of 
benzo[a]pyrene, dibenzo[def,p]chrysene and three environmental mixtures in 
the FVB/N mouse. By L. Siddens et al. 2012. Toxicology and Applied 
Pharmacology. 264(3): 377-386. This study showed that the carcinogenicity of 
DBC and two of the mixtures was greater than would have been predicted using 
published Relative Potency Factors.



Want the papers? Contact us: diana.rohlman@oregonstate.edu



Old vs New toxicity values



Values based off published 1993 EPA 
document: 
https://www.epa.gov/sites/production/files
/2015-11/documents/pah-rpfs.pdf. 
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